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PROBLEM TO BE SOLVED: To keep pressure loss of a particulate filter low. 

SOLUTION: This exhaust emission control device has the particulate filter 22 for collecting particulates 
in exhaust gas. The particulate filter has a partition 54 defining passages 50 and 51. The partition is 
made of porous material containing pores having a predetermined average diameter. Ends of the 
partition are gathered and partially Interconnected so that the end openings of the passages are small 
holes 55 and 56 having a flow channel cross section that is larger than the diameter of the pores of the 
partition but smaller than the flow channel cross section of an original passage. 
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1 

— a5©jiSS«:*iti-r«SjiSS*®fiS-rspgS©Tfl^S|5 
— g|5©aSSCc*sl,>r«g[jl8S*Bifig-rS|iSM©T«E«gSP 20 

6 n-c^m«ssP5^i5;£*^gp^W{c gill $ 
tixmm^<Dri^mDi>^'i>^t sn. ©ji8g(c4s 

? nri ^ S C <!: 4i|#Si <!: f 1 K:ia*£©Sf«^{ b 

-^©asstcfcc^-r «teji8S*®^r -spi^©±i3£«gi5 

^ tin i S c t i ^ -Sit*^ 1 {<:^4S<DSf«?*ffc 
€. C i *#m<t -r ■Sg*:*:^ 2 -4 ©w^-rn*" 1 -tJtcSEtt 

I mm^M 6 ] dm^^mitr s c i *i-c # b^s 
*i|ii@{cffl^snt:feo. ±iBiiiS©aF-a-«««>6n/<:± 4o 

^f»j66nfcTfiiEffig|J^(cfflj#$nri,^SK<bi^M©s 

oK:iEig©9fMvfKb^g<. 

^±SSiffiJ©M®K:li^$n/cK{b!K5W©S*imWJ 
©lIHtcJi^S n/cm^b^KilSWfi J; 0 4>^t^ c i 
i T •Sfi*^ 5 $ /c« 6 fCtBig©Sfart'fb^g. 

■rs/ca)©«ia«rigtfr.5-j:^{c«fiS3n-c<,»5ci* 50 
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«5iA^■cKNo, ^«j#i.a-:)^H©Km?ga*^ffiT-r 
s i^^c-rt^ S N Ox ^ftffi-r -5 N o,®Sfcm^J?:''^•f• 
^ 5 S fc« 6 «:sBtt©PSv^^bi® . 

*s©sf«?f^<fcisg. 

-ri>tmm'&fR<07i^A,x'mmi:9mL3.-omm<ommi& 

-Vy ^ ;i'^±k:#«i/yfcSiia^*^ib-r-5<fc'>(CLfc 
c <!: ^^Si i f •s.isjK^ 1 0 tciats©gtM#^bilg. 
[if 1 2 ] ±ie?si4M^scm»i*sT;L'* ^ s 

i^c S c i <&i^ i f S if 1 1 «ciaslS©»«jWI:^ 

So 

[s«*3« 1 3 ] ±MT}\'ij ^}^m%s^zfr)\'ti ';±s 

A J: 13 ^XbiSini^iSt-i^M*^^)^: 
6c i^ri^miT^ilJ}?^ 1 2 6cie|g©gm^b$|g. 
cw*^ 1 4 ] gfm*^x©-gi5Sfc«^ft©^m?r 

[|^HJ©fPi|ffl^CifiHJ) 
[0 0 0 1 ] 

•5. 

CO 00 2 ] 

«igi*©ffl^©il8S (Ji^T. :7 -f JUr^ilSSif^-T) ©^> 
^«o*>©7 ^ Jl/d'3i8S*-e©±S^«c-c^-CS< 

b/c^>©*5^6n-C(,^-5). C©d'-^7'©>'N*7-^+aU- 

h 7 ^ $ 9 - 9 4 4 3 4 -^^ccegjK 3 nr 
CO 0 0 3 ] 



3 

KcDAPififil-CgLijgS i )S:-5CD-C C n4c J: o r 
«7^->I/^ji8Sl^CCSSAl/-56l,>. 3 6«:03 (B) (C 

[0 004] 

©SS^ian*«raS©m©ffl?LSck •) fc:^*l»A*ji!8© 
^WSS cfc <5 4>*ltC >?jSSS»tM«?:W-r S 4n7L i S J: 
^ (cPiM©^^*5SPii-ft«f> e>tit:»SSSP^JI5^*5gp» 

[0005] 2#a©^i8t?» 1 «e©^i3fc*jt»r . 

ais©aisg?:*<ib, cn^iiss©^^— gp©ass«c*i 

iJ^SPAVMLi^n, ^<9©3iSgtctJC»r«gEiig§^ 

iiifiX-r-5PiM©±B£^sp»*ia=-B-»ii)6nTfei:Sssa5 
»i^^j>5a5»fl«i«cg?ii^3nr±ss5fflrap*s/MLi snr 

[0 00 6] 3se©^Bj-c{ii#@©^Bj«:*jt»r. 

ai^©ii8§^:B:(iL.. cn^ilSS©^^— gB©jiSSCc*i 
n-cigTi)S^:»i5i;£*5gi5^&^ccgM§n-cgms§©T 

ji^iiPTJS/MLiSti. ^t)©jiS8fC*}t^r«igilSS^r 

iB^f ■siiaM©±ss«gsp»*s^-<i»«f) ^nr^s^gp 
[0 00 7 } 4#a©^Bj-ctti#s©BHj«:*j(,ir> 

^©a!8*ftffllb. cn^ilSS©^-^— SBOMSStc*} 

i,^r»te3iS8?riSfi£-r €>|!ill©±^a5^*5gF.{j-^a5!) 6 

SS^gaPAVMLi^n. ^»5©jiSSK*Jt»T{*K3iSS^ 
iiifiK-r-5Rlil©Tij£«S|5^*iaF#«Jf)6txrSTijSiiS83B 

[0 00 8] 5#@©#6a^-C«2~4#g©%H^«:fc(,> 

r. ±BePia©*i±«*e.n/£±a^8s^>«:jftfii[^4g! 
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[0 00 9] 6#a©^-CH2~4Sg©^?«K:feCi 

nrte f3 . ±i2PgM©^#m» 6 ti;fc±8?£^S»^«c 

[0010] 7#@©^|«-CB53!fc«6#a©^?§«C 
fcw^r. ±fERiM©3r#^i*64T,Ai^g|5^©S®©5% 

10 ±^ffl!j©Ms«:ffi^ 3 infcmmnoymifi-rmaomm 

[0 0 1 1 ] 8S@©^l8-C«5~7SS©^Bj«:teti 
r. ^ =t^a u- h 7 ^ ;i/^©ias*±#1' -Sfc*© 

[0012] 9#S©^Bj-c«5*?c«6#B©^H^(C 

■C^N Ox «re^ Lflo^H©KJR?«a*i(ST^ * <t« 
^ L r S N O, ^SftH-r S N O, ®SfctH?P!l*-'^7^ ^ * 

20 [ 0 0 1 3 ] 1 0 «B©»IB-C» 5 * /c» 6 «B©^?g 
[0014] 11 «B©»?B-r« 1 0S@©IM9{c*ji,> 

tmmxh «5 > wmmsmimm^'^T- ■< =1= * u- h 7 

30 if ±{cf^« L.fc®«i^ :&K<b-r S cfc ^ fc U/c. 

[0015] 1 2#g©^B^t?[i 1 1 #e©^BJ(ctsli 

[0016] 1 3#B©^HJ-C(i 1 2 #e©#£?g«:*J(,^ 

■J' A J: O -f >-( b«|fil©iSl 6 * . 

[0017] 1 4#@©^?^-C{* 1 3#a©^Bj(cfct,» 
r. gfM:<7'x^©-liP$/c«^ft©^**J:b^— B^fl^Jfc; 

40 LfcSi«iTF*K<b3-t±S. 
[0018] 

[|*8J©IIJg©J^SI] WT. Sffi*#IBbr3t:BBj©|| 
lSI*fe«?««rSil3-r«>. 01 (A) -f + ^U- h 7 

^ jU^JCffiffi^-eafeO . 01 <B) +^ U- h 

7 ^ JUif©«J»tffi0-C*^. H 1 (A) *jJ:O'0 1 
(B) (C^KL//cJ:^«c/N'f-^+jiU-h7^jUdf2 2» 

atJ[{i©if^]is85 0, 5 1 ^*«-r^o 

[0019] cne>gF^jl88«^©Tii£««:tei,^rf^ 
50 ---^M («T. TfiSW^—'-fSifii-r) 5 2«c<fc«5-e© 
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iOeu^xT—.'m mr. ±mm7^-^mi:m-r) 5 3 

(0020] »L.< »a«:Sil8-rs*«Ti)6ffldf— ^<M5 

-^^^.immstiictK.jzommsiixi''^, — 10 
2<DSFmxf;^sswass5 1 immri,fm<D±mmsm 

[0 02 1 ] vtci}i-yxm^mm<D^ii-m)§mm 

jigg 5 0 {J-eOTSSSicrTzJSffliJr— ^^•M5 2 (C J; 0 « 

wr-s/ML5 6 4wrs. 20 

[0 02 2] mi j|JS^-C«C:ne.gf«:tfXSgAii8S5 

0*jJ:{>'gfm*f;^^masS5 1 ««^©PiS5 4*/M/ 

o^scto'gtm^yxjjgmaiffgs 1 \tmmiJ:^^Km^b 

0*5 4o(DP«:*/Xfi£m3ll85 l(Cj:«3^HSn, #gf 

icxrm.mT—^m 5 2 j: 0 -eosssssfffiaA^/jN^ < 

Sti. ffe:6^<DSP«8SEjiiS5 l»-e-©±SS5SgK:-c±8£fflij7" 30 
[0 0 2 3 ] ^-^T^--^ ^^U- f-7 ^JU!Sf2 2»^«)Si?> 

5 ^Kmttmip ^ J^rX 3 tir *s 0 . u /c*5 o r gfa*' 
;^i^£AjlS§5 0[^K:sSAUi^cgm:*':^»a 1 (B) (cij 
t^-C^Ep-C^L/ifcj; ^(CjgfflCDPiliS 4©WL*j1-3-C 

•Ct>.SCD-Cgtm:yx»112 (A) (Cjj^U/ci ^(C±jjSffilJ 
SA-r-5Ci*i-C#> $fc02 (B) OCtkU/c J: -5 «CT 

[0 024] */cgfm*';=^«±?l£ffliJT— ^-^MB 3 

F*9«:jjSA-r.5C<i:*i-C#, TaSfflij7^-''^"M5 2®5t^<D 
/JN?L 5 5 r SSW-r C i *ir # S , 
[0 02 5] ^C*5^^HJ{c*5l,ir7=--''N'S5 2. 53© 
^(,cmf&^tlfcyMl5 5 , 5 6©A*$»7-->'>-|l5 
2 . 5 3 ©i|ffl?LS<fc 0 ^>:^#t>. */<:/ML 5 6. 5 5 <D 50 
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A^s«''^'7--f+^u-h7-f;ui5r22 tcmimrs^tc 

■r ^m^fflSi^JCIt. or /WL 5 5.56 ©:Aclr S 
>L-5 C i (C J: «3 >'<^ ^ * U- h 7 ^ iUif 2 2 (DSte^ 

[0026] i c 6-c±Mj7— >'>-S5 3 mmii:^m. 

mass 5 1 (DfiSJSWfflSWsifs^f K/hS < & * J: 5 cciSS 

4 5 3 4c<fc 0 H* n-cj^fiKs n*»f 

M*';^ifeAiiffi 5 0 <D±fii£JS«StM;«/;^SfeAji88 5 0 © 

tCmiytcH *) «:gF»*'xjjgAiaK©APPaP*51t*S3 n 

i?{csgAb-?'-rc», 

[ 0 0 2 7 ] ^^Ct>:^|13 (A) {C5^Lfc-'^•7-^+a^ 

- h 7 ^ )\,^x\m^i37.w^mm>iLU^-mki 2 tc 
)\^'Si<i>s.wfi-xis < fii, ifciki 2i&mir>bmm.:^:^ 

ia^tcmSS i Aj: § c ti(c <i: o -C »gf a 

:</X8gAa8Srt«:8SAL/-:J6< ^C'S. C©?t»-'N-x^ + 
- h 7 ;u ^ ©ff ja*i S 6 < ft . 

[002 8]—:^. :^m^<Df<7- ■<^sxl^~-Vv ^ 
2 2-CW02 (A) (C^LfcJ:^(CgF^:*/X»gL^ift 
i>Ctl3:<mm,iJ7. SgAiifS 5 0 CCSSEAf -5 C i # 
•5, C©;fcist>3t!:|6Bj«: j;niiSm^/^ 7- + ^u- 

h7 -^^Uif 2 2K:SSAL-¥'TI^ Lft:*5^-C>'N'-r-f + 
U- h 7 ^ Jb^f 2 2 ©EE««®1>. 

[002 9] S6{cS3{Ci^^U/c>'^•7"-^ + h7 -f 
-•I' ri*SFM**X ctJ©m^B^ 7 2 ©±ij£4iffi*s J: O' 

*©jtt^©Fi^©^ffi{c^<;iaL/-^-r(,^. cnBgfm 

*'X*5S7 2{C«3?b. L*>fctt7 2i5^tC-r»«;</;^ 
mifei ft S c i (ctag-r i c ^ Ai*:^Bj©7A-f- ^ 
+ h7 ^JU3f2 2-C»±SS^iJ7•->'^■|i5 3*5Ril 

r. bt^h ±mmm&mic xmm.if^ aum. i « ft 6 ft 

^}V*t22 (DimmW^K^ < ItSl-r 4 C <!: i*ft 
<. >'^•7^-^+Ju^-^7-f;^$2 2©BE^i3&5lS<ft•SC 
i«ftC>. 

[0 030] rmmT—^mb 2\m%iiy^^K 

jiK 5 0 ©SfESSBrMSJJ^^ ^ tc/h ? < ft €, J: ^ iCTm,^ 
o©TMJ7— ^-JMS 2K:J:»3H3;nrBJi£$n-Sgta 
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t^;(c)A*iS}BtJt*oriiS. cnccj:ntfig3 (b) «: 

[0 0 3 I] ■rrj:t>hm3 (B) ^Cml/fc''^•7•-^+^^ 

[0 03 2] —^3, *^?g©-'<7--f + h:7 -f 

2 (B) (C^L/ci-^icSf^^'Xjm^iAd: 

•5C <!;)&: <Sf«^XS£tijaS§5 1 ©^gP®mPP§P*^*5> 

;l'd'2 2©IIli*JiSi,>ffiiSn-5. 20 
[003 3] tji^j^-jma^-^T- vy -Ol^ 

2 2 oM-WJ«:i6]*>ori*<? icWi< ^csm«J-c&ntfRai 

[003 4] tC^-x:^^7- -i^^\^-Vy -1 JliKDEM 

[003 5] C©<fc^^C>'^•7•-^+*^-^7-^;^^^(C*^ 

(B*^ 67^ # < -rnja: C i J: ^ «: r C i ©ttig±afi 
[0036] ^c■c*^BJ{cJ:n«±^L/cJ;^^c>'^•?- 

mSSji8S«:S£A-r-5i*K:aSE<t^c5«:<t*P;5±l/. c 40 

[003 7] S/cJijSL/ti^tC-'-if^-f + ^ U- h7 ^ 

u- h7 ^;i'if2 2©isgfflcfi«:*jt»t:f— ^<tKo^© 
CCJ: «j*^B^«: Jcnti/^f- ^ + J. u- h 7 -/ 2 2 © so 



1^13 2003-49627 
8 

[ 0 0 3 8 ] i C 5t?»m;!/Xtf K«Sb&^«i^(C«>j8l 

U- h7 ^;l'3r2 2«:»C^L//cT^'>'3.fcgSAL/. gP 

[0 03 9] gpm:</^^il8§ 5 0 rttdtST S T v 

f^^+aU-h7^;l'4f2 2©)EJ»3!ii±^^-S, ±ML 
/ci-^ccz-c-T^^ u- h-7 ^ ^1/^2 2{c*jt,ir«^© 

;^SSAjiS8 5 0 rtCC^SUfcr v i^^ ?:9PK5f •& C <b *s 

[0 040] *I^H§©>'^■7^ ^ U- h 2 2 -C 

«T«£ffl'J7--'''5M5 2K:/h?L5 5*SffJfi£Sn-CI<^€>©-C 
gP^:</:5^S£Aii885 0 CcSSAl/fcT y S^* (*/HL5 5 * 

/i-urgstH-r-sciAif ^s. c©ft:2&spm*':^?jSAa 

[0 04 1 ] S/£:gp«:?/XgKAa8S5 OrttC^abrti 
ST '>»©S**^ < £TiSSfflI-?--^^'S5 2 ©/Jn?L 
5 5*jJ:CP±TiSffl!l7— ^^•M5 3©/WL5 6 ?r:/M.rffim 
•r-2.gpm;^f;=^©S*^!^<>5:S. Lfc*5-:,-cgp»:*fxd£A 
ass 5 0 rt^cfffctciiai-r ST s/^ ©a3!>5ii>i&: < s 

[0 04 2 ] §6ccgpa;^fxS^Aa!85 0rt«:iiaLr 
l^ST ->^^S!(S^^©fi*5^< ;^c^-CgPM*';=^ziSAa 
SS5 Ort©)E;^*iiiA-rS<!:-e©13E;tJ(Cj;»3gpm**XSfe 

s!i-t±Li6^n. ^e^jKti/ims 5*>egptH^tis. L- 
■:./ci i^xi^mmiicms.'^mum.is^h:^^ < -rtisc 

iJ&iffllfllSnSo Sfcgpm:</:^SSAaS§5 ortfc^mu 
rc»Sr •yi'^Aigpm^t/XgSAaSSS OF«9©)E:^(CJ:f3 
-'^•7=• 4= :x u- h 7 ^ 2 2 *>6SFffi3 n-S©-C3f:il 

6 sptb-r -5 fc2st)©#sij«:«m4it?f -r ■S'j2>s*s::i>i& < 

[0 04 3] S6ccgpm;t7;^ijSAaBS5 0rt4ciiSur 
i^-S T f ©a*5^ < igp^:*/;;^ «pg|| 

5 4^aiaL/-:5€>< Ufc35i5-5-CSPM:</Xfi£AaSS 
5 0rt©)E;^»iS<;5:S. CCi^TSSiWf— -'-5115 2 
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(D/ML5 5*^J:^>■±^S^IlJ■?•-^^•M5 3 ©/ML 5 6*^6^ 

[0044] $fc>'<f--^+^U-h7^;U^2 2f«3CC^' 

^+*l'-h7-f;l.^r22 rt{C^ta©@iSi^*ilt 10 

a$n.SCi«^j:Ci©-C/N*^^ +i h7 ^ Jl'd?2 2 

[0 04 5] + h7 ^;i'^?©KjS:^a 

ft8 O*5|fmfiE0Sni, i>C«:ia5«:S^0fcS9 03!»i-'> 
^:^;A«3i^8 0©«®«:i¥L#W6n-S, 
[0046] S5 (A) CCn^L./cJ:^(CM9 0«P3il1X 
©1tit©l5«a9 1 4Wf -5. @ 5 ( B ) {C» 1 0©?^^ 20 

9 1 ^ij^u/co ^9 0 »@fS©gf^^jis§-?-n-5=n{c?^ 

l*i}fA3n^)J:^CCL-C/^-*A^ji^8 0©^ 
aK:J¥Of*C:fP,ns, C©i#0fS©gFMSSjiK*J^)5R 

[0 04 7] i>cl»-c^^-*A1ti&^**i$^«|•t^o^lt>'E.n 

•C>'^•7" -f + * h ^l' ^» 2 2 A^JfiSS n ^. 
[0 048] ±^L'/cJ:^«C.'%-f-^+:xU- h7 -f^U^ 
2 2 ©SPS«S18g©ffiSKiPifi 5 4 i 1^ C^Kmm^K. 30 

r:»fiXsn/c7"-/^•M5 2, 5 3K:j:or$i5< snrc^ 

Oifc.*i•:>-C>'^•■r•-^+:=L^- h7^Jl'$2 2©gfmij£ 
jiK50. 5 l©iSSP*$l|<-rSCi»±^LytJ:^«C 
/^J:.:<7A1iJSft8 0©^ffltCS9 0 ^rJ^L^WStt^ ^ 

[0 04 9] i^ctjM9 0^:>'^^*A^g^*8 0©ffiffi{C 

^¥b#wsxg»>'^-*A«jg«:*^$^j!s•^^•L/«)e>tlfc^ 

fi£$i^fc^§^c>'^-;^7AmJ&ft8 0©ffia5^€:f^{bb. -& 
©f*. C©®C<fc-&L»6tlfc4Sg|5^icS9 O^JfLffW 40 
-SJ;^{CL/r^>J:t». i^c*JC©Ji-^Cc«-e©^(CyN^* 
A«j»(*8 0©^^*i|fomfiK3n^. 
[0050] <!: C 5 -e±a bfc J: ^ t,c^^m<o^^7- ■< + 
^ ix- h 7 -< ;ud? 2 2 «:*5i-^-c»-e©^ffi4"«:tei^r± 

«7^->''5M5 3icai&^-*i«a-r^ci4>feo -5^. 

C©JS^. ''^*7=•■^ + »^-^7^J^;S^2 2©^ffl4l(C*J 

^ + 3. u- h :? ^ iU^f 2 2 K:*jt,it:{j^©jseffl4'«:*iC^ 
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z^i"-\-y -1 f\'^2 2©ffa*i-e©aMt>{c*jt^rsit*flt 

^-^J:^{c■r■2>it^*^c«/^*f■^=^^a u- h7 ^^u^f2 2*i 

[005 1 ] ^cv:$imiv^t±mm7—■>m5 3icm 
ijjfefflijf— /^•s 5 3 icmmbfc^n^^mim^-r^j: 

5 3±CCg^fi©gJt4^*5^a-r-2.C<!:«^CL^. 

r>'^•^^ + Ju^-^7 ^-rt/3»2 2©ffifflit'K:fetiriia 

[005 2 ] c©J:'5^c2t:^HJfcJ:n«>'^•7^^ + ^^- 
h 7 ^ 2 2 ©JKi=S:itfiE«K:{S< Ti>tcit>icmMif 

x«Eaa8S5 1 ©±^s4g*■f—/^•tt©^^?LH©s^■r^) 

[005 3] Ad:*j2|sSIJSFl|-C«K^bi^««/>-^-r +^ U 
-h:7^;l'3»2 2:^i*. •r^c♦^■^±^£ffllJr-->'^•S5 3 © 
*?f^i:e.T|iiiM5 4*sJ:crF8E5(W7^-''>'S5 2{cfcffiH5F§ 
tii>, Sfc^^fc«}S«±8£^i]7^-/^•M5 3. TSSfSJT"- 
>'^•M5 2. *Ji:0'PS^5 4©gffi©;?>!5:6-r-e©F«9a5© 

{a^S^/cDK:Pill5 4*5<fcc;fT^fflijT— >'<^5 2CCffi 
[0054] <!:C5-eA7^^+aU-h7^;I/i?22© 

y—fmb 2. 5 3«gfm*'>^©^*i«:>pt-r'S[^#©s 
%mmsmmc^<07—^mb 2,53 =&aija-r sgfa 

©S«Pill5 4 J:0 4>f— /-tits 2. 5 3©{i^*i^ 
<. 7^-- '^•M5 2. 5 3»|lBe5 4<fc0 4>a*S^CCj:0 

[0 055] -e■C■e^^a«ca^itOK:7^-/^•||5 2, 5 

3 t^mm 3 ■a-^>K{t!^w©s»m{4t*aa/c «3 kpsm 5 

4{cJlJ#3ti-.5K{t^S©SJ:0 4>g^<Sn-S<, cnw: 
J:ntf-f-->'<M5 2 . 5 3 4C*Jtir#aB#ra^/c*3(CK 

{bi^*^ti^cSi!S^=^«*s|iiiS5 4 cc*i<,»-c#<ai^rasfc 

rf— /^•|g52. 53 {ciftiBi-^ *s^fi{c«a-r S C £ *i 

[0 05 6 1 sfc7^->'^•^5 2. bZK.m.imn^^< 

^i^$•^f-5C^K:j:0^r«$)•S7!)57"->'^•M5 2. 5 

"f-jmb 2.53 ipsss 4 1 ^}acmmmK.=^r 



u 

BSS 5 4 i *sati^ ©Jil«©fcA{c«6*S < Mffl $ n 
[0057] t C 5r-^a^«7"--'^-M5 2 . 5 3 ©a 
S 5 2 . 5 3 «-?-©T«5ro©S®<t «5 *>±«EPJ©itffl© 
S5 2. 5 3{Cji^S1±SM{t!BJW©S3&iTieffl'J©SS 10 

5 2 . 5 3 ©^ffl?L*^i»a^^«: J:i^mmstii>c 

[0 0 5 8] -X^'Cf^T' -(^^yy-VV -< }i'^2 2<<Ctgm 

«&Sm3?/:^SSAji!^5 0 *jJ:0-^gfm*'xeSW3l8S5 
1©^B. •r)&to%#|iSII5 4©fSffliJ^S±. ^->'< 
M5 2. 5 3©iiH!iM®±. (C^ffi{CM-ormifT;V 
5:^*i6'a:SJH*©)l*^iff^s£$nr*j«5. c©li<*±{c 

[ 0 0 5 9 ] 1^ 1 mmm-c^tn^mm^t u-ca^p t 

Tf-hU-i/ANa^ 'J9^>?ALi. -fei^-jJACs. -'I'fcfS^ 
■i?ARb©J:^ni:T;l'*';#P. >'^••J •^'AB a. 
■i;ACa. X ha>5^'i7AS r©J:^^cTJU;^7'J±a^ 
IS. ■7>$>La. -f fhU'i'AY. •fey?ACe©J: 30 
^;^j:«±ffl. f^Fe©J:^i^cS^^Jl, fciO'-xXSn 
©J: ^>5:^«S57C«*^6M«nfcil>^c < i i>-o*ifflti 

[006 0] )^j:ferS14^0tttl?riJi L.r{*;^;U>'-i7 AC 
a i fj 4> -f :i->{t<lfS]©ii5i,^T;u* •;^jl*/cWT;i';<7 

■iJACs. ^Hfy-^ARb. ^^'yi^ABa. ;^hci>5^ 

[006 1 ] ;X«C/Nf -f + aU- h7 ^JU5»2 2«Cct.5> 

^^m<on^. 7)i't}<j^m. 7)i'i3V±m^m. # 

[006 2] +3. l-- hy ■< )l^^2 2(>cm 

x-ri,m^^:^^mm.7mmhtx-mmmft>in^Km 
m^^mmii>^miii$*ii>tf::^xi>i>tbxiiiBM-r 

•Si-'-tf--/ U- h:7 ^ 2 2tC?jEEA-r-5>gt^*'X 

«^s©jl*J^m^^^■c^,»s. ■r^c*D*.®mjiS8*iJ: 

yf«S«l^5|^{C«if&3tlfc3g«<bjgHS4i©l:b*Sf«:?/::^ 50 
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©^m tm-^t KmmikXiHimmxitm^:^':^ © 

fcO. C©^j|fi£^S»Mj^rt-t?K^<hiSf&L.-CSO 

4. COfcJ?)®*!^^. NO*sJ:0fSO,?:$^?^:Sf» 
iixtf/^f ^ + iU-h:7^;u^'22 ©«fa:tf;^«EAa 
SS5 0F*3K:gaA^-SC<h«:fe.S. 
CO 06 3 ] 06 (A) isJaV (B) »afm:</>^SKAji 
S§5 O©|*3ilffi±«:j^^$n/ciii*®©«ffi©t£;^0^ 
msCMfc«*>u-ri,>*. fttese (A) teJ;o' (B) tc 
tet,»-r 6 0 tts^p t ©ia^^^i/trteo . 6 1 
■i; A K *^^■c I, > S ffittesgftffiSiJ*^ L ri, ^ -s o 

[0064]±aL//cJ:-5 «:gf^«fJ^■^J(C»^S©jaf^J 
^*i^*nrliS©rgpmx/;^3&s-'^•7=•^ + » h y 
-ova 2 2©P«^;<SS5AjiSS5 OrtJCSSA^Siae 
(A) t,CTikLtcJ:^lCCtiP>mmo,t)iO,-t.fcltO'- 

<mx&^pt<Dmmicfim-r^, —:fs. gpM^^'xtp© 

NO»e^Pt©«ffi±-CO,-*fc»0'-iJSfEL. N 

Oji^C-S (2NO+0,-'2NOj . iJ^t^-CSfefiSSn 
fcN O, ©— a5»S# P t ±-C^{b3 noorg1±g?«fi!( 

msije iF«g(c®iR$n. ^y-i^AKtiB^ois^s^se 

(A) K^FL.fcJ:'5{Cl^-Y:*->NOr©ff^-CffittK« 

4. 

C 0 0 6 5 1 — ±ai/fc<fc ^ (cgm^/;^'l'cctts o 

,4>^*n-r*5»5. C©SO,'f>NO<!:|5l«it£^*-XA 
«:J:»3rgtt^fiitm?PJ6 IrtKieRiRSnS. -Tife^D^J: 
jS(^ytJ;^K:M3R0,*J0,-SJfc»0'-©?^-ce^P t 

©«ffifc-w#b-c*5 0. gfm:^7x4i©so,«e^p t 

©ftffl-CO.-S/iUJO'-iSfSL'-CSO^i^cS, -Xt^ 

■c*fi£$n/cs o,©— g5»e^p t ±r3 6(cK^b3 

n'3)orStt^)S5(Ui^J6 ^U-fAKi 
6^^-^ :t > S O, ' - <0^iX'tS^mMWLm\ 
6 IrtScfifctStb. SS^^'J-^AKjSO.^^lS-r^, C 
© J: ^ cc 0 Tffitt®l*S!tWS>J 6 1 cc 'J -i; A K 

[0066] — *^.jgS^5F*i«:*iCit:aiK::^/-/i<> 

^2 2©SPSi**xSKAa885 0rt*S£n-ri,iS<!:#. ^ 
lH3:Sfm:*/^ti5£A3lg§5 0*^6PM;^/Xij£|±lilgg5 1 K: 
|6]/&:>-5<»:tffC^6 (B) CCfcl^r 6 2-C^J^L//c<fc'5(Cffi 

[0067 ] C ©J: 5 tc'^iKt-^ 6 2 *l?§14^^iSmS'l 6 
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[0 06 8] itfcc(Dt^^imwLm\Q mtc^es 
3 ti -c t, ^ s ssK * y A K . s o , * y A K <k ^ o 

1 s o. <t{c^»5ti. mmoifiw&^^-Q 2 ts^^ 

•1; A K , s O4 «$S-c^^ u-j 6 i^orissM* y A K 
. s o, ";>i7AKNo,j:>) hm^mm^mm l 

[0 069] S/crStt^SStffiSiJe 1 it±mbfcj:^ic 

UicmLmmwiBim e 1 iti^utcj: ^ cc s o, ^mm 

-f + > S O , ' - ©J^-CPRjR-r -S i * {C 4> <t ©JSfcoi 

[0070] <k c ^rm^-e 2 iSttK^fiScffl^fije 1 

i CDSMtBKlSj A> ^ y -^^ A K N O3 

y -t; A S 0« CD <fc ^ ^C{(:-^!g5*> $ n/c^jg 

rst4^oi)5:-5ri,^s, wimicfmmmtSimiG hc 

fcH:rSNOximj^i<DiSlt;iSli. ^l^«SO,i^i 
©SlEjfifi K-C ^ $ n S 4> ?Stt^ i Aj: -5 r I > 
So cner§tt^OA5SfciK[T-6 2K:^■r2.imT■ 
[007 1 ] {S*(DJ: '5fc>'N-7^^ h ^ ;l'5?2 

2 ±.i.cmmmcmm. h tcm.m-D^m^-^i'i^htx s i * 

}#SSS-t*-5>ft:i?>{C«-'^7=-^ +a h7 ^;l/^2 2©S 
[007 2] cn(;:»b-C2fs:^?§f {igS«i^6 2 «±a 
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r 0 <gi<»fflS[-c ^> o r 6 2 *5K^kK5*-e bJst) 

[0 07 3] tc^xm&p t*s^oi:mwmmtiiM6 

+*U- h7^;U$2 2©Saf3&sjS<«ti)K 
I ^■C#^4B#P^^ 1) icM0i^^t S C i St < t^^pISB 

10 umim^ajmw^f-Mit^^T ■i'¥:>.u-hy ■01^2 

[007 4] m8<ommictm&mrs^>)icm^i:^-r?> 
c i j& < mim^-5jmj:m{m^-^tmn^&G u 

;udf2 2©zaKTF^^0ri,^-5o *f4B$raa«3 K/^t- 
^^^3.L'-h:7^;U^?22 IcjjgA-T 6SS[&^©fi*S£A 
SI[8i^^aMi«;■r•S i c©SSiAaSi«t-?^fiM*5K{bi5*pI 

^?>t^tiCit^^7--i dr^ly-l-y ^)l^22icmXLfc 

vv -1)^^x2 2 ±.vzih^>xm^^m-^c ttj:< mm 
[0 07 5] ctiic>(tLxm,x^m.^m.Mi)mitmii-m 

^s.bx*.^io mi (A) ~ (c) ^^©jt^j&js^© 
Sl;ite^©M{t©«^*iFbrL^S„ •r>S*>'^^-r©^81[ 

30 7 (A) i<.if:Litj:'><x.mm.^6 2iisxm.wmmmm6 

i±ici^m-r^t^n^6 2(D-m)^tmit^ti. + 

•Ai,^xjm.mm&i)^^s.LX(,>^imi!fifim-r^t 

^Sl^, *©«m. 07 (B) K:*tfc<fc^«:ffl»B© 
6 3 cc J; 0 St>n-6 J: ^ K:?5:5, 

[0076] t^{m<ommim^mi^^ e 3 fc j; 0 

^totiSid^P tfcJrSNO. SO.©^{b<^ffl*JJ: 

40 n^C < ti::htclttm!SmL=HmQ 3 KK^bSnSC <!: 

^c<-e-©*S^«3. »f<L/r07 (C) K*LfcJ;^(C 
^am^^gP^ 6 3 ©±(CSiJ©SS[«iT- 6 4 

[0 07 7] C©J; 5 (c'^;te^*ia)l«{Ciiat-6<!:m 
«i^^6 4«*>{3:-^'t§tt^OK:J: OK^bSnsc iJ&Si^c 
< . C©^»«![^^6 4±CC3 6JCgl|©gS[«tT-*i 

'^*'6;^-^iita-rs. -r^c*D%^Am^-SM*^^^b 
so +aU-h7^jud/22 ±K:»St«[-?^*Jaet^fci^ 
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[0078} C<DJ:^lcm8 (Dmm I ■C{*Si^^«/^•7" 

m-muifi^. K{bl^*^fi8S!t«i^fiG<fc»5^>^i>/S:l> 10 
[0079] la 8*i6*lJ.6i: ^ CC*^?S©*«fe«?d-CfflO> 
a U- h 7 ^ Jl' 2 2 ©SgT F 0 ffi < -C fcgSie 
^SM*J J:CJf>'^■7■ ^+^U-h:7-^;L'^22 ©SST F 

[0080] C<0^') {Cg£A®S[^aM*iK^b^*^#g 

iL-iSf 2 2±(c^iKf^*na<i:^i-iia•^^■r. m < 

[008 1 ] B^ri^U/cJ:^K:^,>■^/c^es^^*i>'^• 
f-^+^U-h7-<;U^2 2±(c*si,:.ra®4^cc*g^ 

^^3!>5-mSJi^T O L- r C ^ J5: t, ^ <!; # (c 8S ASiSi^ 
iM*!tKfb^* nifig»ie^aG J: 0 fe^J><5: < ij: e <t C © 30 

[0082] ^>:tC3|:^|g©ll2 3ftSiP!l©>'<f - -i^^iy- 

aU-h:? ^;U^©^ffiS-CabO, (B) ktJ^'r -< 

7-^+^u-F7-f;i'^22 (Dnrnt^ 1 

^ + hr; ^;Uii©1tfiS<»:S*a«J(c|5l— -c^S. b 

[0083] m2mmm<D.'^f- ^ +^ u- h 7 ^ 2 

2 -c«T^J£^W5^->'^•M 5 2 <D$fe*S«:tt» i J|*gt^©TiJ£ 

mf—^mb 2 ^lBl^^c/^?L5 5*iff$fijc$ti-ct^^„ u 

->'^•|i5 3«cJ:»j^^k:h^3*i-ci,^€,. L/csS^oTII 

2Jl^fe{^^<^)''^•7^-^ u- h7 ■{ 2 2 (D^mrmm 
[0084] m2mmmi>c*st.^x{mf^*f^mAmm5 50 
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*ajiiO-:J6<&-:>fc«!:L-c4>. Sm^'^^tSAiiSSS 0 
2 <DEa*sS < J5: ^ /c t L r 4> ^fift^Jtc^fiS pJtg/iffi*^ 

[008 5] iifcm2mmm<ici6i.>xitm^if:^mxm 

SS5 OF*3{Ci^Ort,».5T ^®&^-©S*s^K ^£ 
■3 -CgF»5t/;^fiEAillS 5 0 F«5®)E:*)35*J:ST S t -e©!! 

7^;l'i?2 2*>6jiFtasn-5). Oft:*i-Dr*S|]teWC<fc 
4l{*^N'f^^*aU- h7 V Jl/i»2 2F*3K*Sbt:tiST 

[0086] 3 6CC||2*JfifiHfCC*JC>-Cl3:»M*>^SSA 
;*f^*^fiiS 5 4 L--:J 6 < ^£ ^ t St»:</;=^fi£Aii88 

5 ortccff/c{c«EA-r-5ai4^»/jv?L5 5 */^Lr>'^•f• 

^ + h7 -Y;l/d' 2 2 3{pe>S£a-r'5. •r^5:^^%''^■7• 
^ + f-7 -/;U3?2 2rtK:itSb-ct»-5m^®a 

©SR^-?-*i''->'7- •Y + *u-h:7-<;u^22 F*g(cr— 
[0 08 7] ^tbicm2mm^<D^^r--<^:xU-hy ^ 

< -,t:S![)K-7-*5y<f- ^ + ^ U - h -7 ^ ;U ^ 2 2 (Cjim 

mmn^M ± ) tf^ptj: os: o i # cc ^ mmw&iF- 

Siti^F«-'^• 5" + * U - h 7 ^ ;u d» 2 2 fcif « $ n 6 © 

[0088] J5:fcSF«:*fXjj£A3llS5 OrttCltSbftiT 

^*sSFm:^f xgfeAffiSS 5 0 {c)i;^ic J; U ^^f - -< + 
:x u- h 7 ^ >iU5f 2 2 *^e.SFastiSii:fir(c*jCir{i9f 
m5(/;^SiEAji8S 5 0 ffiliCEE:hifi—f^micm < C i *s 

-f)v^2 2 K.mtcicBm-ri>mMA':^it±^mr—-'m 

5 3©/h?L5 6 5r/Myt:gFm;t/XiSaijlK5 l^ffifD. 
y\-f - ^ + a u- h 7 ^ 2 2 *>6fiKai-r -SO-CSFSI*? 
;^SSAffl!S 5 0 ^(Dmtilfi c njw±w <% 4 C <t 

[0089] biPl>ti:1fiP>m2mMmX'\tr 'jiys^ifif'i 
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T*^ h :7 ^ 2 2i)^f^mtii^ti^tr^\itnm 

[0 09 0] ^tc%\mmM^m^\^^wm\^tcm^-n 

0(D±ij£fflijcDSffi«:J¥UW:f ^SS*;^* < "Tntf 
^K:-^iirSiBJ*r€>c 01 Oic||3||^fe^?!IcD^^•7"^ + ^ 

h:7 ^;ba?*:^0/Co 01 0 (A) {i/A*T*-f +:xU 
-h:7^;l/^(D^ffi0r^O. 010 (B)«/^•'r^ + 

^ + :x h :7 ^ ;l/ ^ 2 2 (D^iS^^ 1 ^iS0!lCD>'N"f- 

;&5-:>'C«T'C«millJI«?«0^^*f*'f=<^^U- h:7-/;b^ 20 

[0 09 1 ] ^3j|]!feM©>'^-7^^+^U- h >'^;l'^2 

[ 0 0 9 2 ] H 3 HJSWcfcC^r «Sfm:^:5^SSA3iK 5 30 

ortccT -^^ zy:^^^n'¥-f)mmLxmmi:^^mmb 4 

3 CD/ML 5 6^/M/r>'>*T-^^^^ {y- hy A J\^^2 2^^ 

[0 09 3] */c^3IU!feWc4c5C^rfci±3SU/cJ:^(C 

115 3cD/h?L5 6^:/^ur>'^'f*-^ +^ h::? ^;b^2 

^^=^{y-Vy ^ }V^2 2^cmc^c3m^^r -jiy^(D 
— gP3&5±S^£^|IJ7'-^^•il 5 3 CD/ML 5 6 ^/M/T>'>-r^ ^ ^ 
aU- h:7 -r;l/3?2 2 5j^^6gtm?n'5o U/c^^oTf^m 

-Vy A)y^^2 2^liCmm\^fcT ^ "y^u^Wm-t^tc^h 

(mw^vm^'t^^smfi'^'pu so 



1#ia 2003-49627 
18 

[0 09 4] $6CC^3jlifiF!lCC*5l^r«±^0/cJ:^ 

>^^•g5 3<D/J^?L5 6^/^Ur>'^•r>f + ^^-- h :7 ^il/^r 
2 2 7)^6iJ£W-r^gFM:^':^©S*^^< J^cC^o 
r^^=^^U-h:7^ ;U^2 2Ccff/cic$fJ*'r'5Sft5tt^<D 
— S|5*^±S£(Wf— >'^•S5 3C0/jm5 6 ^iW^X^^^A^ 
^U- ^ Jl/^2 2:&>e>Pt±33n'S>o L//c;!^5orgm 
:^'XggAa8S5 OrtCcit^-r-SScST-cOfiT^^^itSStii 

h Y ;U ^ 2 2 :«»^Si^(D*8«Ej|ftCCi ^a-^: X^^htx 

[0 09 5] ^>•^5^m3SQfiWI<^>>'^•f'-f 

llSAM8g5 ort^iia-r^m^(DS?:^^^??s«±ii^^ 

[009 6] tj:^m3mmm(0^<r^A U-hy A}\^ 
^2 2 mm:^:^^(Dr v iy:^<Dmtm^Xptj: < fio 

m< xh^^r-A^:^ \y-vy A)v^2 2<o^m±,mmu 

[0097] ^/c0 1 mmm^m^M{^xmm\^tcmM-n 
m^mm\^xm%io7.m.Km&b o^Tm^m^-^mb 

[0 09 8] Sa5c±j^L//c^^'7"-^^^^- h:? ^.fUt^? 

2 2 ^^mMm^^m\^tct%(DnmMm(Dmm^-:^\^> 

xmn'^i>o 01 Ui^:SI0J<D>^^•'r-^ =^^:x hr? 
^'2 2«r^tgb/cEESBI#;Ac5:rt*!!l«IM%^Lro>-So ^ 

[0 09 9] 01 l^#fl§-r l«tSM*f*. 2» 
S^y>^^ny^. 3&3:>^y >^-\^> K. 4t3:fXh 
5&*j^:^. 6 ^imM$iJiaJ^i^*4«W^. 7ti®^ 
8^iiKM5i<-h. 9iigf»^. lOiJgtM^-h* 
^^Tj^To eR^jJ^-^hS^S+jS-r^K^lfl l«r/M^ 
rt>*-i>^>^ 1 2«:jaM?n. it->^3?>^ 1 2ti® 
V 1 S^lr/M/rm^-^^-f-S^t- 1 4(D:3> 

[0100] h 1 3F^CC^^Xf y 1 6 

^Cj:0l^a65ti€>xn h^l/^1 7:05i2S?n. 

\»m.^t; Y 1 3ja»9tc^^Km3^^^ h 1 z\H^m.n^mx 
^^i*iP*r^/cd?)CD?^^si 8>&^iBa$n-2>o 01 
1 ^9r^i.fc]^^mmx\mnmmi 1 srtcctsM^ai*;^;^ 

-7^. SF^JJ^- h 1 Oiigfrn-v^^is;!. K 1 9*JctO*Wa 
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0 a *:A-L'r>'<7"-< h 7 ^ ;l'^2 2 *F«9jai/fc 

[0101] gFmvji;f>;l/ K 1 9 t-9--y^>i' 1 2 t 
«Pm*'XSa^g (tiT. EGR) jiSS2 4*/M/rS 
EGRjiK2 4rt«C»a^*IJia«EGR 
$II®I^2 5*SiaB$nS<. S/cEGRji8g2 4il»)CC« 
E G RiiSS 2 4 rt^rdSnS EGRUX *?ftipr 6 /c*© 
?^S?g2 6*iBBgS4l4. @ 1 1 l^^iyfcprn'Sm-C 10 

*(C i «) E G R *i 2 n 4 . 

[0102] -:^r. ^iim«s=f#6{3:«^eit&«6 a ^ 

/M>-Cj^>4yt»'— '^^ t,^t>89)^3*>U'-^U2 Ttcaite 

fioI^J^ij^f4!i<>7-2 8*^6Mm5«*&?ti. 3*>U 
-iW 2 7 CC«t&3 nfc«S»4»S«m«*&« 6 a U 

t>-2 9*itKDm6n. «S»JE-fe>-9-2 9C>W:*)fi-^{C 20 
S-^C^r 3 ^r> 2 7 rtCDi^;f4E*se«fi5*4)Ei & 

[0103] «^Jtai:x---» V 3 OlJT^i^^JU^^tfjL 

fcROM ( 'J- ^'s^>';^*';) 32, ram (7>y 

ATi'-fexy*';) 33. CPU (v-r i'ci:/o-fe? 
1^) 3 4 . h 3 5 *jJ;ClftB;bjJ<- h 3 6 

S3 7<&:0-L'rA:^4<-h3 5(cA;»3 3ti^. S/c^^f 

+a u- h7 ^;ua'2 2{c»^<7^-^ u—hy-t)V 30 

$2 2 0SS^t^a^^/tS?)©Sa-fe>-!^3 9*3ffiO{^ 

c©tatt-te>-tf-3 9©tB:;>3m-^{i>pfj£-r-5AD 

[0104] rf-fzJi'^^Ji'A ov:{t.Ti>^)\'-^^)\'A 
0 ©liBAfi L i<ctm U /cffi:^^ll>&^^T Sftit -fe >-!^ 
4 i*ss^$n. jii^-fe>-9-4 i©m;^mEE»>ptjE-rs 
AD^»!S3 7 :&/M,TA:^jJ<- h 3 5«:A;^3ns. 

S'E.icA:'aj)<-h3 5(Ctti7 5'>i'5^f hAsm«3 
0' iIlte-r'5>S(cttl;»3/A-Jl/X^^^^Si7 5>i'ftH2> 
■9-4 2*sg?»i3n-S, — tH;tl!J<- h 3 6 (JMjcE-rS 40 
^S!j1bIS§ 3 8 C/ "CMf^ffiM^ 6 . XU yV JU^-lgBft 
1 6. EGR$)Jiai^2 5. *Jci:C>mf4 
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(57) Abstract: there is provided an exhaust 
gas purification device (22) comprising a 
subsiraie used for purifying components 
contained in an exhaust gas discharged 
from an engine. The substrate has panitions 
(54) which define passages (50. 5n and 
are formed of porous material having fine 
pores each having a predetermined average 
si2£. The end portions of the adjacent 
partitions (54) defining each of part of 
the passaees (50, 51) of the substrate are 
partially connected to each other such that 
the end portions (52. 53) are tapered toward 
the outside of the substrate. The tapered 
end portions (52, 53) partially close the end 
opening of the corresponding passage and 
fonn a small hole (55, 56) defined by the 
tips thereof. The size of each small hole 
(55. 56) is smaller than the cross sectional 
area of the corresponding passage (50) and 
larger than the sizes of the fine pores of the 
partitions (54). 



3/014539 Al 



IBMilllillllM lilByiilliiWlimi 



lifi-. IJP/JPV aO TOYOTA. JIDOSHA KABUSI^ 

(74, A,«.ts: ISHIDA. T.U«bi ^ al^ A^- ISmDA* 

ASSOaATES, Toianomon 37 Mon BWg., 3 i, 
■ ;SS^Mina«>-k». Tokyo 105-8423 (JP). 

' (8J) DeslgMted States r»«»i«iay: CN, KR, US. 



CH, CT. DE. DK. ES. n, FR. OB. OR, IE, TT. LU. MC 
NL. FT. SE. TR). 

Pnblished: 

yviih international search report 

For two-lener codes arui other abbrenan^ons- «'5L'S£ 
ance Notes on Codes and Abbn^ations" appearing at the begmr 

mng of each regular issue of the PCT Gatetu. 



PCT/JP02/08142 

03/014539 

DESCRIPTION 

Technical ^i^ld ^^^^^^^ purification 

The invention relates 

device. 

Background Art collecting particulates 
ft particulate trom an engine is 

contained in exhaust gas *or»ed o£ 

— "r%u"her "elilter nas a plurality o. 

porous material. ^""^ their upstream end 

passages, some of them '^"^ at their 

plugs, and r««inin^ ^^-^ ^/,t,„ , exhaust gas 
.downstream end ^ plug parages, and 

passes through partitions 

thereafter flows out °* J^^^itM, as the exhaust gas flows 

" '"V^ t ter passirg through the partitions, 
out of the '""^^^ioulat. collection ratio, 

the- filter has a high olosed by the 

However, the passages filter is 

plugs, «.d -^rjing the filter is high, 

low and the cost for pro j> .xhaust gas 

Further, "^f ^"//^^.l^ ^ ,as does, not flow 
hit. against the plugs, f ^^%iL.r. In addition, 
smoothly into passage of^^ .^^^^^ plugs, the 

When the ''^^-^^/^tth turbulence , «>d thus the exhaust 
sxhaust gas flows ^ passages of the 

gas does not flow smoothly in exhaust 
lilter. further, as shown in ^-^J^ ^^^^^^ 
,as flc«s near the '''^"'^fZl^^^.^s^ gas doss not 
news with ,or these reasons, the 

now smoothly out of the filter- 
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..Iter has a ^-y-^/f^.ron, is to provide an 

The purpose of the in particulate 
exhaust gas purification device having a P 
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filter having a small pressure 



Disclosure of invention 

Z the £ir.t invention, there i= provided an exhaust 
gas purification device coinprisin, a substrate used for 
purifying components contained in an exhaust gas 
discharged from an engine, the substrate having 
p^rtiuLs Which define passages and are. formed of porous 
ma^rlal having fine pores each having a predetermrned, 
average size, the end portions of the adjacent partitions 
average Si2 , passages of the substrate 

^^tlons are tapered toward the outside of the substrate, 
the taoered end portions partially closin, the end 
o^ntng of the corresponding passage and ^or^ng a small 
hS^defin^J by the tips thereof, and the sise of each 
small hole being smaller than the cross sectional «:e..of 
:™ corresponding passage and larger than the sizes of 
fine pores of the partitions. 

n the second invention, according to the first 

invention, the end portions of the '^^^^'^Jl^T^. 
defining each of part of the passages of the substrate 
tr^parLally connected to each other at their upstream 
:::s^rth.t th. end portions are tapered toward the 
outside of the substrate, and the end portions of the 
Idlactnt partitions defining each of remaining P-"'" 
"t'thrsuOstrate are partially connected to each other at 
t^etr downstream ends such that the end portions are 
tapered toward the outside of the substrate. 

in the third invention, according to the second 
invention, the tapered end portions «.d the remaining 
p^«Lions carry oxidation material for oxidizing the 
Suiates, and the amount of the oxidation material 
nntL by each upstream tapered end portion per unit 
carriea oy e carried by each downstream 

volume is larger than that oarriea oy 
tapered end portion per unit volume. ' 

in the fourth invention, according to the first 
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invention, the end portions of the adjacent partitions 
defining each of part of the passages of the substrate 
are partially connected to each other at their upstream 
ends such that the end portions are tapered toward tne 
5 outside of the substrate, and the end portions of the 

adjacent partitions defining each of remaining passages 
of the substrate are connected to each other at thexr 
downstream ends such that the end portions are tapered 
toward the outside of the substrate and the downstream 
end opening of the passage is completely closed. 

in the fifth invention, according to the first 
invention, the end portions of the adjacent partitions 
defining each of part of the passages of the substrate 
are partially connected to each other at their downstream 
ends such that the end portions are tapered toward the 
outside of the substrate, and the end portions of the 
adjacent partitions defining each of remaining passages 
of the substrate are connected to each other at thexr 
upstream ends such that the end portions are tapered 
toward the outside of the substrate and the upstream end 
opening of the passage is completely closed. 

in the sixth invention, according to the first 
invention, the substrate is used as a particulate filter 
arranged in an exhaust gas passage of an engine for 
collecting particulates contained in an exhaust gas 
discharged from an engine. 

in the seventh invention, according to the sixth 
invention, the tapered end portions carry oxidation 
material for oxidizing the particulates. 

in the eighth invention, according to the seventh 
invention, the amount of the oxidation material carried 
by each tapered end portion at its upstream surface per 
unit are is larger than that at its downstream surface 

per unit area. , ^.^ 

35 in the ninth invention, according to the seventh 

■ . invention, a process for . increasing the temperature of 
the filter is performed. 
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Xn the «n.n invention, according *° 

^-H* filter carries a NOx carrying agent to 

, ..e« ro. w..„^.^^ 

filter carries a precious metal catalyst. 

'"'•Tn°:;e t«i^- " 

• .ntion the oxidation material is an active cxy,.n 
invention, ^ the ojtygen when 

" ZT:r:Z'X Z.r::...r.^^r., ... to aiachar,. the 
o^rled oxygen therefrom in the form ot active oxygen 
"en tL -Lentration of the oxygen decreases, and the 
Ictlvetxygen production aSent discharges' the active 
active J y,^ particulates adhere to the 

" tr»id". th. particulate adhering to the filter 

"LThrthrtfe^nth invention, according to the 

4.-«-n the active oxygen production agent 
twelfth ^--^-^^''^'J^'^Z, n^etal! an alKali earth xnetal, 
20 comprises one of an alkali me.: , 

^ ^=,-r¥Yi and a transition metal. 
" ""xn "he %rurtee„th invention, according to the 
. «elf^ invention, the active oxygen P-du^t-n ag^nt 

* =T, alkali metal and an alkali earcn 

°^'''::'the fifteenth invention, according to the twelfth 

vh. air fuel ratio of at least part of the 
invention, the air fuel . ^ ^^^^.^y 

exhaust .as flowing -^^^^^^^^f^dhering to the filter. 
3d rich to oxidize the particuia ^^^^ 
Tn the sixteenth invention, accoraing 
tU an oxidation means for oxidising components 
invention, an oxioot .„,naed in the exhaust 

contained ^^l^J^ZTJ^s^rZ^^L filter. 
^" th : venterth invention, according to the 
" Sixteenth invention, the oxidation means is an oxidation 

cat.alyst. 
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in the eighteenth invention, according to the 
sixteenth invention, the oxidation means is a NOx ■ 
catalyst to carry the nox when the lean exhaust gas flows 
thereinto and to reduce the carried NOx when the rich 
5 exhaust gas flows thereinto. 

in the nineteenth invention, according to the sixth 
invention, the size of each small hole of the ^i^^- 
the low temperature region of the filter xs larger than 
that at the high temperature region of the fa.lter. 
10 in the twentieth invention, according to the 

nineteenth invention, the low temperature region is the 
^^ripheral region of the filter, and the high temperature 
region is the central region of the filter. 

in the twenty-first invention, according to the 
15 nineteenth invention, the cross sectional area of each 
oassage of the filter at the low temperature region of 
the filter is larger than, that at the high temperature 

region of the filter. ^ . i.^ 4.v,» 

in the twenty-second invention, according to the 

20 sixth invention, the cross sectional area J^;;/-^^^^ 
Of the filter at the low . temperature region of the filter 
is larger than that at the high temperature region of the 

in the tventy-third invention, according to the 
25 twenty-second invention, the low temperature region 
. the peripheral region of the filter, and 

temperature region is the central reg.on °^ 

in the twenty-fourth invention, according to the 
twenty-second invention, the size of each small hole^f^^ 
30 the filter at the low te»«..rature reg.on of the filt« 
larger than that at the high temperature region of the 

*''^"ln the twenty-fifth invention, according to the 
sirth invention, an exhaust gas purification means for 
35 purifyih, components contained in the exhaust gas .s 
Lranged in the exhaust gas passage of the eng.ne 
downstream of the filter. 
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Sixth invention, according to the 
xn the exhaust gas purification 

twenty-fifth xnventxon, t ^^^^ ^^^^ 

paeans is a i^ox <^^^^^^^'' Z to reduce the carried 

„t -^-^^ 
5 BOX when at least tn* a 

gas tl<».s "'"^"^''•^th invention, according to the 

I„ the *w-«-;;"^^, ,,>,,,3t ,ae puri.icatlon 
twenty-tilth ^^^i^^ia^e Jilter which can 

-ana i- an -^<^f "f^^// f/^L^ned in the e,hauBt ,aa. 
10 oxidize the P""=-'f " invention, accordin, to the 

„ the ^^"^'-"Jhth^ arranged at lea.t 

twenty- fifth invention, the tlx 

„ear the exhaust .ccording to the 

xn the ^''^"^^-■^"^^^nevice further comprises a 
15 twenty-fifth .ne engine exhaust gas 

bypass P»="'« "^f^^,ti"r and the exhaust gas 
passage ^^/^/^re exhaust gas passage of the 

purification means to t p^itication means 

.ngine °' ^..^rification means, and a 

20 " 'JiUing the fiow Of the exhaust gas 

switch valve for ' ^^^^n „,ans and into the 

-"""J/^fi::^ caries a SOx carrying agent 
bypass passage, the ^^^^^ ^^^^ 

to carry the SOx when the le^ ^^^^^^^ ^^^^ ^^^^^ 

25 thereinto, and " "^^^"^.^ ^^^^uat gas flows thereinto 
the generally stoichiometr ^^^^^ ^ 

and the temperature of the S ^^^^^^^ ^a^perature. the 
t«.»erature higher than ^^^^^^^ ^^e exhaust gas 
switch valve is position „aans when the 

flows into the ^^^^-J'^r 3^%arrying agent, and is 
SOX. is not :,,aust gas flows into the 

"""'""tssirwren the SOx is released fro. the SOx 
bypass passage wne" 

carrying '^.nt. ,„,antion, according to the twenty 

35 " '^'•^ a catalyst for oxidizing the components 

ninth invention, a ca y arranged in the bypass 

contained in the exhaust gas is 
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passage. 

in the thirty-first invention, according to the 
first invention, the substrate is arranged in an exhaust 
gas passage of an engine, the substrate carrying a 
5 hydrocarbon collection agent for collecting unburned 

hydrocarbon contained in an exhaust gas discharged from 
an engine, and a hydrocarbon purification catalyst for 
purifying unburned hydrocarbon, the hydrocarbon 
collection agent collects unburned hydrocarbon when the 
10 agent has a temperature lower than a hydrocarbon release 
temperature, and releases the collected unburned 
hydrocarbon therefrom when the agent has a temperature 
higher than the hydrocarbon release temperature, the 
hydrocarbon purification catalyst purifies . unburned 
15 hydrocarbon when the catalyst has a temperature higher 
than a hydrocarbon purification temperature, the 
hydrocarbon release temperature is set such that the 
unburned hydrocarbon is released from the hydrocarbon 
collection agent when the hydrocarbon purification 
20 catalyst has a temperature lower than the hydrocarbon 

purification temperature. 

in the thirty-second invention, there is provided a 
method for producing a substrate used for purifying 
components contained in an exhaust gas discharged from an 

25 engine, the substrate having a plurality of exhaust gas 

passages defined by partitions formed of porous material, 
the end portions of the partitions defining each of part 
of the exhaust gas passages being partially connected to 
each other at one end of the exhaust gas passage such 

30 that the end portions are tapered toward the outside of 
the substrate and define a small hole by the tips 
thereof, the end portions of the partitions defining each 
of the remaining exhaust gas passages being partxally 
connected to each other at the other end of the exhaust 

35 gas passage such that the end portions are tapered toward 
the outside of the substrate and define a small hole by 
the tips thereof, wherein the method comprises a step of 
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gathering and connecting th. end portions of the 
partitions defining each exhaust g.s " f ^^^f'' 

L its end opening/and a step of ' 
. . h„ the tips of the end portions defining each 
defined by the tips opening, each 

5 exhaust ^as passage ^^'^ end 

small hole having a sxze sraaxj-« ^ 
owning of th. corresponding exhaust gas passage and 
t^gtr than the average si.es of th. fine pores of the 

thirty-third invention, according to the 
.hirty-srond invention, the gathering and connecting 
Lrth^ .n^U hox. for^in, step are si-.»ltan.ously 

^'*°™1he thirty-fourth invention, according to the 
,S thirtJ-third^nveLion, the gathering and connecting step 
Hh. small hole for-ing step are simultaneously 
and the "^V ^ ^^^ioe having a plurality of 

Tr'^cnrrdTins'arranged hetveen the projections 
' ^■u «r,rf -Face Of -the substrate. 

thirty-fifth mvention, according to the 

20 ^" ^. ^ *^rst the gathering and 

thirty-second invention, first, tne gai. a 
thirty s performed, and then the small hole 

connecting step iS periota 

^°"Tn reCir^^ttr invention, according to the 

in the -en ^ ^^^3^^ forming step, 

" :rtrpnrtre:r::;t"nr^^^^^^ to .ach other ar. 

shaved to form the small hole. 
Brief Description of Drawings 
'° , rigs. lA and IB show a particulate filter of the 

invention; ^-in-er of the 

35 Figs. 3A and 3B show a part of the filter 

"""""Mga! 4A and 4B show a honeycomb structure, 
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v-iHB 5A and 5B show a die; . . 

Ti^r. an. 6B snow .n a«ion th. o.idxza^.an o. 

'TjT'Tl'^ ana 7C Show an action o* deposition o* 

Ti*,rs":i a rexationsnip .etveen t.e amount of 
the pl^ioulate. purified by the oxidation and the 

temperature of *f '""^^ seoond «,4>odiment; 

Pi,. , sho«s ^^- 'f^ ^hi,, en^diment, 

° , r.:: rer^rne provided with the fiiter of 

,ne , for oontrollin, the engine 

°'"Tir'x3 "-owe the engine provided with the exhaust 
L5 -^^ .^^ „f the fourth embodiment; 

- Ti"Tt:Lra:^i:-tion catai.st Of the fourth 

"°^t"^"l5 Shows the filter of the fifth embodiment, 
l'^' the filter of the sixth embodiment, 

IZ' i shr= the engine provided with the exhanst 

. ' • „ „=vioe of the seventh einbodiment : 
Ti;"trs::«raTai: particulate filter Of the 

„ "^igt^fi^-'an action of the oxidation of the 

-"ir" irt:fen:inrp;ovided.with the exhaust 
, ,as piriiication device of the modified seventh. 

embodiment, ^^^^^^ ^^^^.^^^ exhaust 

- ges plrification device of - --orgtrrx' and sox, 

It - — « - ■'^^^""'^^ ""'^ 

33 '°i;. 23 Shows the exhaust gas purification device of 

^"^ TT.Tl> filter produced by the second 
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rornfoL.. a.v.ce us., ..e secon. . 

5 Fig. 27 shows the closure device used in the thxrd 

-ice used in the third 

"'"Fir1rshows"°the°third filter production 

■ IZ 30 Shows the closure device used in- the fourth 

^"";/;1r:t::sThr:ioe.re d.vice us.d in the fifth 

^""^irrshrtrdltail. of th. dosure device 
" Bhown^in rig. ^^^^^ ^^^^ ^„ 

"^"'.irrrrtrsive^^^^ — • 

^ rarrvinci Out the Invention 

" re%n:entiorrill he explained h. referring to the 

drawings. Figs- 1* and IB show an -d view and a 

-re:=;Ts%rr::niri:^ri^:Th:-fiiter . 

respectively. s» olurality of exhaust gas 

25 has a honeyconto structure, and a P^""^*" J 

51 ejctending parallel to each other, 
passages 50,51 extenaing p coii«.rise 

. e:*aust gas P-"^" °^ ^' the downstream end 

exhaust gas inflow passages J' ^^^^^^ „.a 
region, each inflow P^^^'^''^-^^ H^^^, region 

30 Which is .ade ^^^^^ „. Further, the 

by a corresponding **P^^° Co«^rise exhaust 

exhaust gas passages of -'"^ ^^^^/^ region, 
gas outflow passages ^^^^ ^^^,,„„,, „ea which 

each outflow passage 51 Has a utw „ K^, a 

35 tr^ade larger than that of its refining region hy a 

corresponding tapered P=7;°"^^;,„„ ^ ,on«d hy 

Bach dovnstream tapered wall portion 
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gathering and connecting the downstream., end portions of 
partitions 54 defining- the corresponding exhaust gas 
inflow passage 50 to each other. On the other hand, each 
upstrla!^ tapLd wall portion 53 is forced by ^atherxng 
3 a^nfconnecting the upstrea. end portions of Pa-^^^^^^^^^^ 
defining the corresponding exhaust gas outflow passage 

•to each other. , ^ -i =4- +-h^ 

Each inflow passage 50 has a small hoi. a* ^^a ■ 
tip Of th. corr.spo»ding downs«e«n tapered wall portxon 
52 Each =»all hole 55 has a cross sectxonal area ^ 
Lller than that of the ^-^^JT^^^ZsT^Zr 

wall portion 53. Each snail hole 56 has a cross 
sectional area smaller than that of the corresponding 
' "tf lX passage 51. xn other words , the downstream end 

some of the exhaust gas passages 50 are 
TlZlVoZ Z the downstream tapered wall portions 
52 to difine the small holes 55 therein. On the other 
„ hand thl upstream end openings of remaining exhaust gas 
pastlges 51 are partially closed hy the upstream tapered 
passages 51 ^ 53 to define the small holes 56 therein. 
""^ nforring to the present invention, the exhaust gas 
passages 50,51 of the filter 22 are ^^^-^^^^^'f^ 
,5 positioned and the thin partitions 54 -VP<=";--^ . 
between the passages 50,51. m other words, 
nissage 50 is enclosed by four outflow passages 51, and 
passage 50 enclosed by four inflow 

the outflow ^-^Ztlra. the cross sectional area of on. 
3„ :r:r:d Lnfrxhaust gas passages of the -Iter 22 is 
decreased at its downstream end region by the 
correspfndin, downstre^. tapered wall portion 52 , and the 
crst Lctlonal area of the other exhaust gas P«"^e xs 
dl=r«s.d at its upstream end region by the correspondxn, 
15 oDStream tapered wall portion 53. 

The filter 22 is formed of porous material such as 
cordierite. Cordierite has fine pores each hav;Lng a 
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■ ■ predetermined average si«. Therefore, " . 

arrow in Fig. IB, the .:cha«Bt gaB flowing into the xnf^ow 
Messages 50 flows into the adjacent outflow passages 
through the fine pores of the surrounding partitions 54 
5 « th! tapered wall portions 52,53 are also for,.ed of the 
' Ta^^ material as the partitions 54, the exhaust gas f =vs 
into the outflow passages 51 through the 
^e upstrea. tapered wall portions 53 as ^^^^ " " 
„d flows out of the inflow passages 50 through the f^ne 
,0 Jth. downstream tapered wall portions 5. as shown 

'further, the e:*.ust gas flows into the outflow 
passages 51 through the upstrean snail "ol.s 56, and 
flow, out of the inflow passages 50 through the 

It; downstream small holes 55. 

" Lh hole 55,56 ha. a size larger than the average 

Sizes of the fine pores of the tapered wall portions 
52 53. Further, the downstream small holes 55 have 
ue^erally the same si.es as eaoh other, and the upstream 
20 ma ll LLs 56 have generally the same sixes as each 

other. Furthermore, the downstream small holes 55 may 
:tve generally the seme as or, different sises from those 
of the upstream small holes 56. 

. If the small holes 55,56 have large sxzes, the 
filter 22 has a small pressure loss and a low particulate 
" : "otion ratio. Contrary to this, if the small holes 

% 56 have small sizes, the filter 22 has a large 
"Is ure loss and a high particulate colleotron ratio 
Lcording to the present invention, the sise of the hole 
30 TsZ is determined such that the pressure loss and the 
pl;ticulate collection ratio of the filter 22 are 

suit^ly balanced. Further, according to the present 
i:«ntion, the size of the hole 55,56 is determined such 
that the amount of the particulates flowing out of the 
35 firte^ 22 is Kept smaller than an allowed 

amount of the particulates flowing out of the filter 
can be calculated on the basis of the amount of the 
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particulateB flowing into the filter 22 per unit ti«>e and 
the particulate collection ratio of the filter 22. 

in the present invention, the particulate collection 
ratio and the pressure loss of the filter 22 can be 
5 easily changed by changing the size of the holes 55,56 in 
accordance with the target particulate collection ratio 

of the filter 22. 

Each upstream tapered wall portion 53 conically 
converges toward its upstream end such that the cross 
10 sectional area of the corresponding outflow passage 51 
decreases continuously. Therefore, the upstream end of 
each inflow passage 50 defined by the corresponding 
upstream tapered wall portion 53 conically , diverges 
toward its upstream end such that the cross sectional 
15 area of the corresponding inflow passage 50 increases 

continuously. According to this structure, the exhaust 
gas smoothly flows into the filter 22 contrary to the 
case that the entrances of the inflow passages are 
constituted as shown in Fig. 3A. 
20 in the filter as shown in Fig. 3A, each inflow 

passage is closed at its upstream end by a plug 72. In 
this case, as shown by the reference number 73, the 
exhaust gas hits against the plugs 72, and the filter has 
a large pressure loss, in addition, as shown by the 
25 reference number 74, when the exhaust gas flows near the 
plugs 72, the exhaust gas flows with turbulence around 
the entrances of the inflow passages, and thus the 
exhaust gas does not smoothly flow into the inflow 

passages. Thus, the filter has a large pressure loss. 

30 on the other hand, in the filter 22 of the 

invention, as shown in Fig. 2A, the exhaust gas flows 
into the inflow passages 50 without turbulence. 
Therefore, according to the present invention, the 
exhaust gas smoothly, flows into the filter 22, and thus 

35 the filter 22 has a small pressure loss. 

in the filter shown in Figs. 3A and 3B, as the 
exhaust gas hits against the plugs 72 and flows with 
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rral^su rr^e ..r.....r,s aa,a=en. .n«e« 
the wail ^j^^ present invention, as 

However, in the mter ^^^^^^ ^ ^^^.^^^ 

5 each "P""^ portion 53 has no up.tream end 

Shape, ^''^."^•"''^^i,^ hit. against, and the 
surface which ^..^ turbulence around the 

ovViaust aas does nox u-ow w-uu . 
exhaust ga tapered wall portxon 53. 

. :re:r ic::x ^= ..e — r.Ts 

particulates hardly deposit xn ^he fxlter z 

-hhe oressure loss of the £iJ.-cer 
upstream region, and the pressu 

""^nThrrhlr hand, each downetrea. tapered waXI 

r ^r-.llv converges toward its downstream end 
,3 portion l'^^;^;J'^j;;ZJ^, ..ea of the corresponding 

such that the ^ll^l^l continuously. Therefore, the 

inflow passage 50 decreases c defined by the 

^r.A ft* each outflow passage 51 detinea oy 
downstream end ot eacn uuw c-j 

Lrespondin, ---;:rdr:«.rr s"h that 
,0 conically corresponding outflow 

passage 51 . smoothly flows out of the 

structure, the «='haust g ^^^^^ 
*-!i-n»r 22 contrary to the case i-no 

filter 2Z CO . jr .^„ted as shown in Fig. 3A. 

25 outflow passages are constituted ^^^^^^ 
TT, the filter shown in Fig. 3B, eacn ou ^ 
■s closest its downstream end by a plug 70, and extends 
" h! to its exit. Therefore, turbulence 71 occurs 

f!he exits of the outflow passages .. In this, case, 
around the exits °^ ^ „„„^hlv flow out of the outflow 
30 the exhaust gas does not sn,oothly flow 



35 



---the other hand in - -Iter^- - 

rtrelrrtrortfrorpas;ages 51 without 

! , Therefore, according to the present 

turbulence Theref . ^^^^^^ ^^^^^^^ 

rn::::us the filter has a small pressure 
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'°"\s long as each tap.«d wall portion continuously 

5 conical form, .uch as a quadrangular pyramid or a 

^"^xfirpre^errsd that the filter has potentially a 

,1 oressura loss. Further, an engine operation 
small ' consideration of the potential 

control " Therefore, if the pressure 

pressure loss Of the filter^ ^^^^^^^ 

loss of the filter inc the performance of the 

loss during -'/-"^XHre' ftlte^ , it is important 

:r :hrfrirr^sV^^^^^^^^^^ r 

- :::eri:n:ru:.°Lr ererif the pressure .ss Of the 
filter increases in use of the filter. 

According to the present invention, as the 
.rtitilnr54 defining the upstream end region of the 
partitions ^.^^^^ 22 are tapered, 

:rerha::: fas rr:.r;-s with turbulence vhen the 
Thau^t gas flows into the -haus. gas passages 50,51, 
and thus the pressure loss of the falter 22 

. potentially small. present invention, since 

T?«5-ther. according to -the present a. . . ^ 

" . pri:io;s S, defining the ^^^^^Z 

.,e 3 :^::i: deposit on the surfaces 

tapered, the particuxa ^ ^^^^^ 

30 use of the portions 52,53, and thus 

nUrr- the e^naust gas passages 
Tardl flows with turbulence .y .^^ --/-^^ 

particulates. -"--^--^nL Lrthe pressure loss of 
*K« -filter increases in use thereor, f 
" the f U«r hardly increases to a value considerahly 
Larger than the potential pressure loss. 
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other than the particulates, the exhaust gas 
contains incombustible inorganic residuals (ash) produced 
by the burning of the fuel. Therefore, the ash flows 
into the filter 22, and deposits therein. 
5 When the amount of the ash depositing in the inflow 

passages 50 increases, the pressure loss of the filter 22 
increases. As explained above, in use of the filter 22, 
it is important that the pressure loss of the filter 22 
is kept around the potential pressure loss , even if the 
pressure loss of the filter 22 increases. To this end, 
the amount of the depositing ash must be small. Further, 
it is preferred that the ash depositing in the inflow 
passages 50 is removed. 

According to the present invention, the small holes 
55 are formed in the downstream tapered wall portions 52, 
and thus the ash flowing into the inflow passages 50 can 
flow out through the downstream small holes 55. 
Therefore, the ash hardly deposits in the inflow passages 
50, and thus the pressure loss of the filter 22 hardly 
increases to a value considerably larger than the 
potential pressure loss even if the pressure loss of the 
filter 22 increases. 

Further, when the amount of the ash depositing in 
the inflow passages 50 increases, the quantity of the 
25 exhaust gas passing through the small holes 55,56 
increases. Therefore, the amount of the ash newly 
depositing in the inflow passages 50 decreases, and thus 
the pressure loss of the filter 22 hardly increases to a 
value considerably larger than the potential pressure 
loss even if the pressure loss of the filter 22 



15 



20 



30 



increases. 

Further, when the amounts of the ash and the 
particulates depositing in each inflow passage 50 
increase, and then the pressure in the inflow passage 50 
35 increases, the increased pressure moves the ash 

depositing in the inflow passage 50 toward its downstream 
region, and finally discharges the ash through the 
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correspcnding downstream small hole 55. Therefore the 
Ireesure loss of the filter 22 hardly increases to a 
fat:: considerably larger than P°*-^ial pressure 

- "radfitirarrLrde :rinrin the 
' 'ZZ'1:J^^ Tu discharged from the filter 22 hy 

pressure in the inflow passages 50 the^nam.er of the 
operations to discharge the ash from the f.lter 22 

"'"°:';ther. When the amounts of the ash and th, 

-"-""Lrrt-^ard::: ^z^^ ~ 

increase, the exnaust y j„4:io^ 



15 



20 



25 



30 



35 



increase, tne „„,,„es in the inflow 

the partitxons 54 and thus th p^ ^^^^ 

p„sa,es 50 ;"«/"«;^^^^the email holes 55,56 
exhaust gas passing tnrous filter 22 . 

increases. Therefore, the pressure loss of the ^^-^^^ 
increases. considerably larger than the 

hardly, increases to a vaiu pressure loss of the 

potential pressure loss even af the pressure 
filter 22 increases. . 

further, when many particulates deposit 
.-yJr 22 and burn at once, the filter 22 may be melted 
Z Z elt dLived from the burnin, of the P«^— . 

HLever, according to -Vftrrhe mt r ;. Therefore, 

T^articulates hardly deposxt in the filter ^ 

the filter is hardly melted by the heat derived fro. the 

burning of the ^--"^^^H^'j^,,,^ exhaust gas 

^^'^''^^JZZ^^ the exhaust passage of 

f^purifying specific components contained m the 
exhaust gas. ^^^^^^ ^^^^^^^^^ ^ ^^^^^^ the present 

. -n K« exDlained. First, a cylindrical 
invention will be explainea extruded from 

w e4-rnc!-hure 80 shown in Fig. 4 is exttuuvsw 
honeycomb structure ou s ^ die 90 shown 

porous material such as cordierite. Next, 
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in Fig. 5 is pressed onto one of the end faces of the 

Structure 80, ' 

AS Shown in Fig- 5A, the die 90 has a plurality of 
conical projections 91. Fig. 5B shows one of the 
5 projections 91. The die 90 is pressed onto one end face 
of the structure 80 such that each projection 91 is 
inserted into a corresponding exhaust gas passage 50. As 
a result, four end portions of four adjacent partitions 
defining each exhaust gas passage 51 are gathered toward 
10 each other, and then are partially connected to each 

other to form a tapered wall portion 53 and a small hole 

Regarding the other end face of the structure 80, 
the similar processes are performed. 

Next, the structure 80 is dried. Next, the 
structure 80 is baked. As a result, the filter 22 of the 
present invention is obtained. In this way, according to 
the present invention, the ends of the passages 50,51 are 
narrowed by a very simple method comprising the step of 
20 pressing the die 90 onto the end faces of the structure 
BO. 

The step of pressing the die 90 onto the end faces 
of the structure 80 may be performed after the structure 
80 is dried. Otherwise, after the baked structure 80 is 
25 softened at its end regions, the die 90 may be pressed 
onto the softened end portions of the structure 80. In 
this case, thereafter, the end portions of the structure 

80 are baked again. 

in the present invention, in use of the filter 22, 

30 the particulates do not easily deposit on the upstream 
tapered wall portions 53. However, in some cases, the 
particulates may deposit on the wall portions 53. In 
this case, in use of the filter 22, the pressure loss of 
the filter 22 increases. As explained above, in use of 

35 the filter 22, it is important to prevent the pressure 
loss of the filter from increasing to a value 
considerably larger than the potential pressure loss. To 
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■ .nis end, i. is neceB»ry t= renove the particulates f re 

"==rrd"9 to the present invention, an oxidation 
.ateriir or re„..i„, the particuiate. by oxidatxon 
materia ,„=tream tapered wall portions 53. 

3 applied °" p Jieulates collected by the 

^oordin, to l continuously removed by 

'^r:^^--^^'^^ Tn re 

TTrrTlhrpLrrnLro. r^ilter . haraiy 
10 the ^ considerably larger than the 

KTon. is solved, which specially derives iro 
15 problem xs solv , ^^p^red wall portions of the 

structure of the porous 

ttre^. ends o. the ----- ^res"; a 
ri:: tne potential pressure 

r::: reerrnvri::; the o.idation material is 
in -cne filter 22, that is, the 

,ppUed to the^ntire -^"/aperU wall portions 

partitions 54 and the « portions 53. 

ether than rnre^io: th^ oxidation material 

25 Further, m the present ^„^j^ces defining the 

-^^"t: : e^: ::rd:Ltrea. tapered wan 

fine pores of the up ^^.^^^ the 

portions 53,52 and the p j^thermore, in the 

«cterior wall surfaces oridation material 

30 present ^-ention. the a^unt °* -h- o ^^^^ ^^^^ 
applied to the upstream tapered wa P 5, 
volume is larger than those -PP^"^*" 
o. ,ne downstream tapered - ^ ^ 

The exhaust gas >»°« ^""^^ partitions 54. rha, 

35 tapered gas passing through the 

is, the quantity of the ex ^^^^ ^^^^ 

tapered wall portions 52 , 53 per un 
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larger than that passing through the partH^ions 54 per 
unit surface area. Therefore, commonly, the amount of 
the particulates depositing on the tapered vail portions 
52 53 ■ is larger than that depositing on the partitions 
5 54', and thus the tapered wall portions 52,53 are more 

easily closed by the particulates than the partitions 54. 

opposed to this, according to the present invention, 
the amount of the oxidation material applied to the 
tapered wall portion 52,53 per unit volume :ls larger than 
10 that applied to the partition .54 per unit volume.. 

According to this, the amount of the particulates removed 
ToxidaLon on each tapered wall portion 52,53 per unit 
tLe is larger than that on each partition 54 per unit ^ 
t^e. Therefore, many particulates hardly deposit on the 

15 tap«red wall portions 52,53. ^ ^ 

The exhaust gas is difficult to pass through the ^ 
. tapered wall portions 52,53 if much oxidation material i- 
applied to the tapered wall portions 52,53. 
the exhaust gas generally uniformly passes through the 
,0 tapered wall portions 52,53 and the partxtions 54 Thus , 
particulates hardly deposit on the *-P«"^.«" 
portions 52,53. Further, the tapered wall portions 52, 
53 and the partitions 54 are efficiently used for 
collecting the particulates. 

The aiaount of the particulates depositing on each 
tapered wall portion 52,53 at its upstream wall surface 
iriarger than that at its downstream wall surface. -That 
is, the tapered wall portions 52,53 are nore easily, 
closed at their upstream wall surfaces by the 
30 particulates than at their downstream wall 

Lcording to the present invention, the amount of the 
Tida^ion material applied to the upstream wall surface 
of each tapered wall portion 52,53 per unxt volume is 
larger than that applied to the downstream wall surface 
35 thereof. According to this, the fine pores of the 

tapered wall portions 52,53 are hardly closed by the 
particulates . 
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The nidation ^«rial applied to the filter will be 
explained in detail. In the present invention a carrier 
layer is formed of the material such as alumxna on the 
iurroundin, wall surfaces of the exhaust ,as passages 
50 51 i.e., the entire of the both sides of the 
oartitions 54 and the tapered wall portions 52,53. 
precious metal catalyst and active oxygen P-^""-" 
!aent are carried on the carrier layer. The agent takes 
21 carries the oxygen when the excess of the oxygen 
,0 »ists around the agent, and dischargee the carried ^ 

therefrom in the form of an active oxygen when the 

Tn entration of the oxygen around the a^«* 

». the oxidation material iS 

in the first embodiment, tne oxio-ii . 

r,=-hituted by the active oxygen production agent, 
constituted by^^^ , .s used as 

the orecious metal catalyst, and at least one of the 
^terifl selected from an alKali metal such as potassium 
T^rsSium <«a,, lithium <Li), cesium (Cs, or rubidium 

- -n^:"::;i:\Ta:e «r::=ra:\:rarum 

" , Vt ^"^ ir-IL .ce„ a transition metal such 

ll .re> or a carbon family element such as Tin 
TsnT is used as the active oxygen production agent. 

l"ie preferred that an alkali metal or an alkali 
„ earth metal haying an ionization tendency 

ct^ium, that is, potassium, lithium, cesium, rubidium, 
b«ium or strontium is used as the active oxygen 
production agent. ^^^^^^^ of the particulates by the . 

,» filtel will be explained in the case that platinum and 
30 „„ried on the carrier layer. Note that 

fhnron o ™l Of the particulates by ^ 
ca^r^ing ether precious metal and other alkali - 
7Zi earth metal, or rare earth, or transition metal is 
aenerally the same as that explained below. 
35 ,he case that the engine is a type 

of the compression ignition engine, in which the fuel 
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burns under an excess of the oxygen in the contoustion 
chamber, the exhaust gas flowing into the filter 22 
. contains excessive oxygen.. That is, in the case that the 
air fuel ratio of the mixture in the combustion chamber 5 
5 is referred to as the air fuel ratio of the exhaust gas, 
in the compression ignition engine, the air fuel ratio of 
the exhaust gas is lean. Further, nitrogen monoxxde (NO) 
is produced in the combustion chamber 5 of the 
compression ignition engine, and thus the exhaust gas 
contains NO. Furthermore, the fuel contains a Bulfur 
constituent (S).. The sulfur constituent reacts w^th the 
oxygen in the combustion chamber 5 and becomes sulfur 
dioxide (SO,). Therefore, the exhaust gas contains SO,. 
Thus, the exhaust gas containing the excessive oxygen, 
NO, and SO, flows into the inflow passages 50 of the 

filter 22. . 

AS explained above, the exhaust gas contains the 
excessive oxygen and, thus, if the exhaust gas flows into 
the inflow passages 50 of the filter 22, as shown m Fxg. 
6A, the oxygen (O,) adheres to the surface of the 
platinum. in the form of O," or 0-. On the other hand, 
the NO in the exhaust gas reacts with the O,' or O on 
the surface of the platinum to become NO, ( 2N0+O,-2NO, ) . 
Next, part of the produced NO, is oxidized on the 
platinum and is adsorbed to the active oxygen production 
agent 61, and thus is carried in the agent 61 in the form 
of nitrate ions NO/. Otherwise, part of the produced 
NO is oxidized on the platinum and is absorbed and 
diffuses in the agent 61, and thus is carried in the ^ 
agent 61 in the form of nitrate ions (NO/), as shown xn 
Fig. 6A, the nitrate ions NO3- bond with potassium to 
produce potassium nitrate (KNO3) . 

on the other hand, as explained above, the exhaust 
gas also contains SO, . This SO, is carried in the active 
oxygen production agent 61 by amechanism similar to that 
of NO. That is, the oxygen (O, ) adheres to the surface 
of the platinum in the form of O," or 0-. The SO, in the 
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o • or O^" on the surface of 
e:d.aust gas reacts with the , ^ produced 
..e pxatin» to ^co»e ^P,; 

SO, " -^^";th" i" carried in the agent 6. in the for. 
agent 61, and. thus otherwise, part of the produced 

5 of . sulfate ions is absorbad and 

so. is oxidi«d ,3 hexd in the agent 

diffuses xn the agenn^ o sulfate ions 

o-e sulfate xons (SO^ }• 
tL'-r^Tth tL potassium to produce potassiu. 

10 sulfate (K,SO.). „„ticulates comprised of mainly 

on ..e =;";^^»:;X Le produced in the combustion 
carbon (C), that iS, soo , contains 

cha^r =. '>"-r;::;j::;*rron«^ and adhere to the 
particulates. The P"'^"^^ ^^^^p,^, the surface of 

15 surface of the carrier layer, £ 

..e active oxygen P-°^"--",„^'X\rf low passages SO of 
„ben the e=chaust gas "°"f^^" partitions 54. 

- -rt:e"a::irura::er:£ere t: the surf ace of the 

,-=duction agent 61 in this way, the 
20 active oxygen P^"^^""^" J^^. surface between 

concentration, of oxygen 

the particulate 62 and the ag ^ ^„ 
concentration of oxygen , ^^^^^^ ^^^^^ 

concentration occurs ^J^-JlJ^.^,^. agent 61, and 
25 concentration active oxyg P ^^^^ 

therefore the oxygen in the J ^^^^^ 
"Te:rit'":r:ora sirritrate- .k»0,, forced in 
" ' .ris broken down into potassium, oxygen, and 
the agent 61 the contact surface between 

,0 «0. The o-yf ; "°7^„nhe agent 61, while the SO is 

the P-*i=""" " ';t,ce or the inside of the agent 61 
Pleased '^^^'''^"^ntlaased to the outside is 

to the outside. Tne platinum and is again 

.cxidised on the d^stream -ae^^^^^^ 

35 carried by -^^I^^^IZ;\T1lI time, the potassium 

on the active oxygen production 

sulfate (K,SO.) formed m tne 
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ont 61 is also broken down into potassium, oxygen, and 
agent 61 xs ^^^^^^^ surface between 

SO, . The oxygen moves towaj. cn s s 

^. S2 and the agent 61, while the SO^ is 

rxetreair srJ.« oA.e .„si.. o. ..^ a.en. e. 
, " outside. The SO. released to the outs.de 
' cxiditea on t« downstream side 

bv adsorption or absorption in the agent 61. 
"r tLf stnce the potassium sulfate is stable and does 
dissolve, ^he potassium sulfate doe. not 
.0 ^nUrrelease the active oxygen compared with the 

. P°"=nXi-d' above, the active oxygen P-duction 
„ent 61 produces and releases the active oxygen by the 
: tiln :ith the oxygen when the agent 61 absorbs the 
-St, the form of the nitrate ions (NO, ). 
" arexplained above, the agent 61 prod^es and 

Similarly, as exp paction with the 

rreHhr treTent e! absorbs the SO, therein in the 

„ ::eTxy:r:::i:nora:':'t;e contact surface between 

the oI^ticuILe 62 and the active oxygen production agent 
rUrthe oxygen broHen down from -—f^--;;, 
^tasBium nitrate ,K»0,, or potassium sulf ate ,K,so., . 
^« hT-fiken down from these compounds has an 

.he agent 61 "^^^f.^rn of the HOx and the oxygen 

cxygen produced by the reactio ^^^^^ 

30 in the agent 1 \ ^^^^^^ « ,he active 

rracti «: particulate 63, the P-iculate 6. is 
TilLed without "rirmlnrte:;^^^^ 

3. rart::uir6rr:=^^ — 1-..::^°"' 
-TnTh:%:rorarr^^^^^^ 
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in layers on the filter burn, the filter becomes red hot 
and burns along with a flame. This burning along with a 
flame does not continue unless the temperature is high. 
Therefore, to continue the burning along with a flame, 

5 the temperature of the filter must be maintained high. 

AS opposed to this, in the present invention, the 
particulate 62 is oxidized without emitting a luminous 
flame as explained above. At this time, the surface of 
the filter 22 does not become red hot. That is, in the 

10 present invention, the particulate 62 is removed by 

oxidation at a low temperature compared to the prior art. 
Therefore, the action of removal of the particulate 62 by 
oxidation without emitting a luminous flame according to 
the present invention is completely different from the 

15 action of . removal of particulate by burning along with a 
flame. 

The higher the temperature of the filter 22, the 
. more active the platinum and the active oxygen production 
agent 61 become. Therefore, the higher the temperature 
20 of the filter 22, the amount of the particulates 

removable by oxidation without emitting a luminous flame 
on the filter 22 per unit time increases.- " 

The solid line in Fig. 8 shows the amount G of the 
particulates removable by oxidation without emitting a 
25 luminous flame per unit time. The abscissa of Fig. 8 

shows the temperature TF of the filter 22. If the amount 
of particulates flowing into the filter per unit time is 
called the inflowing particulate amount M, in the state 
that the inflowing particulate amount M is smaller than 
30 the amount G of particulates removable by oxidation, that 
is, in the region I of Fig- 8, when the particulates 
contact the filter 22, all of the particulates flowing 
into the filter 22 are removed by oxidation successively 
in a short time (from several seconds to several minutes) 
35 without emitting a luminous flame on the filter 22. 

AS opposed to this, in the state that the inflowing 
particulate amount M is larger than the amount G of 



10 



15 



• PCT/JP02/08142 

- 26 - 

partic^ilates removable by oxidation, that is, in the ^ 
region II of Fig. 21, the amount of the active oxygen xs 
not sufficient for successive oxidation of of the 
particulates. Figs. 7A to 7C show the state of oxxdatxon 
5 of particulates in this case. 

That is, in the state that the amount of active 
oxygen is not sufficient for successive oxidation of all 
of !he particulates, if the particulate 62 adheres to the 
active oxygen production agent 61 as shown in Fxg. 7A, , 
only part of the particulate 62 is oxidized. The portxon 
of the particulate not sufficiently. oxidized remains on 
the carrier layer of the active oxygen particulate agent 
61 Next, if the state of an insufficient amount of 
active^;gen continues, the portions of the particulates 
not oxidized successively remain on the carrier layer. 
AS a result, as shown in Fig. 7B, the surface of the 
carrier layer is covered by the residual particulate 

"'"'"''^Wherthe surface of the carrier layer is covered by. 
20 the residual particulate portion 63, the platinum does 

not easily oxidize the .O and SO, , and the ^^-^Jl^^l^^ 
production agent 61 does not easily release the active 
oxygen, and thus the residual particulate portion 63 xs 
not oxidized and easily remains as it is. As a result, 
25 as Shown in Fig.- 7C, other particulates 64 -^^"^^^^ 

deposit on the residual particulate portion 63. That is, 
the particulates deposit in layers. 

If the particulates deposit in layers in this way, 
the particulates will not be oxidized by the active 
30 oxygen. Therefore, other particulates successively 
' I^posit on the particulate 64. That is, if the, inflowxng 

particulate amount M continues to be larger than the 
amount G of particulates removable by oxidation, the 
particulates deposit in layers on the filter 22 and 
35 therefore unless the temperature of the exhaust gas is 
made higher or the temperature of the filter 22 is made 
higher, it is no longer possible to cause the deposited 
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particulates to ignite and burn. 

As explained above, in the region I of Fig. 8/ the 
particulates are oxidized in a short time without 
emitting a luminous flame on the filter 22. In the 
5 region II of Fig. 6, the particulates deposit in layers 

in the filter 22. Therefore, to prevent the particulates 
from depositing in layers in the filter 22, the inflowing 
particulate amount M must be maintained smaller than the 
amount 6 of the particulates removable by oxidation at 

10 ail times . 

As can be understood from Fig. 8, in the filter 22 
of the present invention, the particulates can be 
oxidized even if the temperature TF of the filter 22 is 
considerably low. Therefore, it is possible to maintain 

15 the inflowing particulate amount M and the filter 

temperature TF such that the inflowing particulate amount 
M is normally maintained smaller than the amount G of the 
particulates removable by oxidation. If the inflowing 
•particulate amount M is maintained smaller than the 

20 amount G of the particulates removable by oxidation at 
all time, the particulates hardly deposit in the filter 
22 and the pressure loss of the filter 22 hardly 
increases . 

On the other hand, as explained above, in the state 
25 that the particulates deposit in layers on the filter 22, 
the active oxygen does not easily oxidize the 
particulates even when the inflowing particulate amount M 
becomes smaller than the amount G of the particulate 
removable by oxidation. However, when the portions of 
30 the particulates not oxidized begin to remain, that is, 

the amount of the depositing particulates is smaller than 
an allowed limit, if the inflowing particulate amount M 
becomes smaller than the amount G of the particulates 
removable by oxidation, the remaining portions of the 
35 particulates are oxidized and removed by the active 
oxygen without emitting a luminous flame. 

The filter of the second embodiment will be 
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explained. Figs. 9A and 9B show the filter of the second 
embodiment. Figs. 9A- and 9B show an end view and a . 
longitudinal cross sectional view of the filter, 
respectively. The structure of the filter of the second 
5 embodiment is basically the same as that of the first 
embodiment . 

in the second embodiment, similar to the first 
embodiment, a small hole 55 is formed in the tip of each 
downstream tapered wall portion 52. However, no small 
hole is formed in the tips of the upstream tapered wall 
portions 53. That is, the inflow passages 53 are 
completely closed by the upstream tapered wall portions 
53. Therefore, the particulate collection ratio of the 
filter of the second embodiment is larger than that of 
15 the first embodiment. 

in the second embodiment, even if the ash and the 
particulates deposit in the inflow passages 50, and then 
the exhaust gas does not easily pass through the 
partitions 54, the exhaust gas newly flowing into the 
inflow passages 50 can flow out of the filter 22 through 
the downstream small holes 55. Therefore, according to 
the second embodiment, the pressure loss of the filter 22 
hardly increases to a value considerably larger than the 
potential pressure loss thereof. 

Further, in the second embodiment, in the state that 
the amount of the ash and the particulates depositing in 
the inflow passages 50 increases , . and then the pressure 
in the inflow passages 50 increases, the ash is 
discharged from the filter 22 through the downstream 
small holes 55 by the pressure in the inflow passages 50. 
Therefore, according to the second embodiment, the amount 
of the ash depositing on the filter 22 is maintained 
small at all times and, thus, it is not necessary to 
perform any special process for removing the ash from the 

35 filter 22 meUiy times. 

Furthermore, in the second embodiment, in the state 
that many particulates deposits in the inflow passages 
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' so and thus the exhaust gas does not easily pass through 
the partitions 54, the particulates newly flowing into 
the inflow passages 50 flow out of the filter 22 through 
the downstream snail holes 55. Therefore, the amount of 
s the particulates depositing in the filter 22 rs 

maintained smaller than a constant amount. Thus, many 
p„ticulates hardly burn in the filter 22 at once and, 
^s, the filter 22 is hardly melted by the heat derxved 
from the burning of the particulates. 

Further, the filter 22 of the second embodiment 
carries the oxidation material therein, and thus the 
■ lUiting particulates are successively oxidized away. 

Therefore, in the state that many particulates deposit xn 
the filter 22, and then some of the ^" 
15 collected by the filter 22 and flow out of ^^f^^ f ' 
that is, the particulate collection ratio of the fl"er 
22 is small, the depositing particulates are successively 
oxidized away by the oxidation material, and thus some of 
"e particulates newly flowing into the filter 22 are 
,0 collated by the filter 22. Therefore, the amount of the 
!Sticulates not collected by the filter 22 and flowing 
out thereof hardly considerably increases. 

immediately before the ash depositing in the inflow 
passages 50 is discharged from the filter 22 by the 
25 pressure in the inflow passages 50, the pressure in the 
inflow passages 50 may temporarily considerably 
increases. In the first embodiment, the exhaust gas 
newly flowing into the filter 22 flows into 
passages 51 through the upstream small holes 56, and then 
30 flows out of the filter 22. Therefore, the pressure m 
the inflow passages 50 hardly further increases. 

However, in the second embodiment, until the ash is 
discharged from the filter 22, the pressure in i""- 
. passages 50, that is, the pressure loss of the filter 22 
35 Ly continue to increase. Therefore, it ^^.P"^""^ " 
employ the filter of the second embodiment in the case 
Zt It is. allowed that the pressure loss of the filter 



PCT/JP02/08142 

■WO 03/014539 

•1 , increases to the relatively high level, or in 

"^"TA:: rcore::;ai.en., ..e ou«.=» passages 5. 
K n«moletely closed by the upstream tapered wall 
' TjL rt; pressing the die 30 onto the ups.rea. end 
IZTZ the Lneyco.. structure SO - - extent lar.er. 
than that of the first method for P-duc.ng the fxlter. 
The filter of the third embodiment wall be 

f \-n. lOA and lOB show the filter of the 
10 explained. Fxgs. ^J"^ ] ^^^^ ^ end view and 

third embodiment. Figs. 1 OA and lu . 
a longitudinal cross sectional vxew of the fxlter. 

^ ^ ^>,^ filter of the third embodiment 

structure of the xiitet uj. , , . j. 

bl^oluy the .ame a. that of the first embodiment. 

" - "'-rhtttri/rra r:* ea.h 

. . ::rr°:;p:r;:arA^^^^^^ S^. noweve. no s.ax. no^e 

r fr^^ea in t>,e tip of each ^'^-^'^J;^'^^;^'' 

^- ^-y That is, the inflow passages 50 are 
" ittelv' =ll-d by the downstream tapered «alX portions 
20 completely closea y „„ii.ctlon ratio of the filter 

S2. Thus, the P-r..c.l.U> 
Of the third embodiment xs larger Tin 

embodiment. ^ •„ 4.^,0 estate that the ash 

in the third embodiment, m the state tna _ 

and thus tn ^ ^^^^^^^t gas newly flowing into the 
parta.t3.ons 54, the exha g ^^^^^ 

^"^^ " Zl Tolls 5" ;her:fore, according to the 
upstream small holes . ^i,e filter 

30 .hird r ofrfiXter hardly 

to": rarconsiderably larger than the 

V, !f ^he case that the ash and the particulates 

35, ^" *f,;trflow passages 50, and thus the exhaust 

■ :rres no: "a:: thro:,h the partitions much exhaust 
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. ^ filter 22 through the upstream small 
gas flows out of the filter 

Lies S. ana ^^^^^ ; .rSsClr^^. .r.. 

the filter 22 t ^ ^ .^erefore, it takes long time until 
5 outflow P"-'«=/^^;^ Tepositing in the inflow passages 
the f '^'^ ^. ,l,„„.d amount. Thus, it is 

50 becomes larger tha process £or removing 

not necessary to ^^'^^'^^^^J^J^,,, times, 
the ash -«P-";;'^,:\:rra ^oaimant, L explainea 
""T"; cas^that the ash an* the particulates 
" tte tnflow passages 50 and thus the exhaust 
^'^T "ot easily pass through the partitions 54, much 

does ""^ ""'^^^^ „,t£low passages 51 through 

..haust gas „^ o„t of the outflow 

15 the upstream small holes 56 ^^i^^iates newly 

passages 51. That x P-^ °' ^^/^^ ^^^,,„„ pa,„ges 51 
reaching the filter 22 """^ ^ „f the 

through th. upetream s.a o le S6 ^^^^^ 

°""'°:unr:f the parti-lates iepositing in the inflow 
20 the amount of the p allowed amount. Thus, 

TeTlUr ritTarrrelted .y the heat derived from, 

the -^^-^^^ Tf^ttrtrrd emhodiment carries the 

The filter 22 therefore, by the time that 

25 oxidation *^^:;";,as depositing in the inflow 

the ■«"°-^;' f„:,^Tarrer than the allowed amount, the 
passages 50 becomes 1»=^9 oxidized and renoved by the 
.epositing^«ticuXates e^oxid^.^_^^ - 

30 Tatrratrhriy becomes larger than the allowed 

"""""x; is preferred to employ the filter of the third 
! case that the exhaust gas contains a 

embodiment ,arge pressure loss of 

^~^'\.rr^l l,ZeTor in the case that the high 
35 the filter is aliowe reouired of the filter. 

particulate collection ratio - passages 50 

Further, in the third embodiment, the inflow p 
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, TZ»., o£ the en,in. provided with the filter of 

the present invention Will be explained. Fig- " shows a 
:::p::: ion i^ition t^e en^^e P-iaed with t.e .xXter 
If the present invention. Bote that the filter of the 
present invention »ay he applied to a plug ign.t.on type 

" "'":;ferrin9 to .i,. U, 1 shows an engine body. 2 a 

v.,»„v 1 a ovlinder head, t a piston, 5 a 
cylinder block, 3 a ^^^^ controlled fuel 

co:^ustion Chafer » « <=^"^ J^. , ^ 

'1T;alvr and 10 an exhaust port. The intake port 8 
" If o^ecS ;^ough a corresponding intake — h pipe 
a surge tank U. The surge tank 12 is connected 
through an intake duct 13 to a compressor 15 of an 

exhaust turbocharger 14. 

^ throttle valve 17 driven by ^ -"PP"' """^^'^ " 
" arranged in the intake du=t 13. . "^^^^^^^^ ^ 

cooling the ^^^^^^^ 

rn-rg^rrerinrroling water is supplied to the. 
i^.^ 1R and cools the intake air. 
" Txh ult P^rt 10 is connected to an exhaust 

. ,bi!e %! of the exhaust turbocharger lA through an 
r.rt llLd 1, and an exhaust ^^^ ^^^^ 
* ^-He exhaust turbine 21 is connected to a casing -s^ 
30 hL'ng aTa:tioulate filter 22 through an exhaust p.pe 

The exhaust manifold » is oonnected to the surge 
tank 12 through an B5R passage 24. An electrically 
tank 12 tnroug arranged in the EGR 

controlled J^,^ .cr cooling the 

" ra;sin: th:o;gh the .O^ passage 2, is arranged 

EGR gas. F „^ ,4 In the engine shown in Fig. 

around the EGR passage 24. In tne 
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11, the engine cooling water is supplied to the EGR 
cooler 26 and cools the EGR gas. . 

on the other hand, each fuel injector 6 is connected 
to the fuel, reservoir, that is, a common rail 27 through 
5 a fuel supply tube 6a. Fuel is supplied to the common 
rail 27 from an electrically controlled variable 
discharge fuel pump 28. Fuel supplied to the conunon ra^l 
27 is supplied to the fuel injectors 6 through the fuel 
supply tubes 6a. A fuel pressure sensor 29 for detecting 
the fuel pressure in the common rail 27 is attached to 
the common rail 27. The amount of discharge of fuel from 
the fuel pump 28 is controlled such that the fuel 
pressure in the common rail 27 is maintained at a target 
fuel pressure on the basis of the output signal of the 
15 fuel pressure sensor 29. 

An electronic control unit 30 is comprised of a 
digital computer and is provided with a read only memory 
(ROM) 32, a random access memory (RAM) 33, a 
licroprocessor (CPU) 34, an input port 35,. and an output 
20 port 36. The output signal of the fuel pressure sensor 
29 is input to the input port 35 through the 
corresponding AD converters 37. A temperature sensor 39 
for detecting the exhaust gas temperature is attached to 
the filter 22. The output signal of the temperature 
25 sensor 39 is input to the input port 35 through the 
corresponding AD converter 37. 

A load sensor 41 is connected to an accelerator 
pedal 40. The sensor 41 generates an output voltage 
proportional to the amount of depression L of the 
30 accelerator pedal 40. The output voltage of the sensor 
41 is input to the input port 35 through a corresponding 
AD converter 37. Further, a crank angle sensor 42 for 
generating an output pulse each time a crankshaft rotates 
by for example, 30" is connected to the input port 35. 
35 on the other hand, the output port 36 is connected to the 
fuel injectors 6^ the stepping motor 16, the EGR control 
valve 25 and the fuel pump 28 through corresponding drxve 
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°'"'i^%^iai«ed abov. , in the state that the 
parti^uxares deposit in layers in the filter 22 even 
t^fasount M of the inflowing particulates beco.es 

..^ than the amount G of the particulates removable 
5 smaller th» the^ ^^^^ ^^^.^^ ^^i^i^e 

ficulltas " particular, i^ediately after the 
aiirstaris up the filter temperature is low. .t 
engxne starts up^ inflowing particulates « 

.0 rat:e:Th;nThe — O of the particulate re^vable by 
" oLdation. xn the state that the P°--"-.°* ^ 

oartioulates not oxidised start to remain, xn other 
Trds in the state that the amount of the -epos^-^ 
I^ticulates is smaller than an allowed upper Ixmxt, xf 
particuxai: inflowing particulates becomes 

l aLuftT^tL particulates removable 
ToxLti", the remaining portions of the particulate, 
"tdlzed and removed by the active oxygen wrthout 

■ '''^*"::r:f:«:Tt:eTresent invention, the amount H^f 
the inflowing ;articulat.s and the filter temperature TF 

::int:in:d%uch that the amount H Of the inflowxng 
narticulates is smaller than the amount G of the 
p":i::iates removable b, oxidation xn addxtron, xn the 

Uent ; - "te^lLtr^^^^^^^ 

trhTharthetmrnin portion^ .3 of the particulates 
- ^ hardly cover the surface of the carrier layer as shown xn 
even if - -^farre^rn^^^ amount . 

^ oxiLion. ^ other 

:ords! such that the amount of the particulates 

in lavers is maintained smaller than an 
rrdTimi:, and "h^particulates may be oxidised and 
35 rimlved When the amount M of the inflowing P-""^^'" . 
becomes smaller than the amount G of the particulates 
removable by oxidation. 
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However, even if the amount M of the ^^^^^^"^"^^ 
particulates and the filter temperature TF are controlled, 
as explained above, the particulates may deposit in 
layer! in the filter 22. In this case, the particulates 
5 depositing in the filter 22 may be oxidized and removed 
" without emitting a luminous flame by temporarily ma.xng 
air fuel ratio of part or entire of the exhaust gas 



the 
rich 



That is, when the air fuel ratio of the exhauBt gas 
is maintained lean for a while, much °=^9en adheres to 
the platinum. Therefore, the catalytic actn.on of the 
platinum decreases. However, if the air fuel rat.o of 

'"^^ "Lrofir: rthreru:r:ar«-s o..,en is 

rel^rerrrrtfe IZ..^. ^-^ - -al.-c^-- 

. olatmum increases. Therefore, when the air fuel 
fatio of the exhaust ,as is made rich, much active oxygen 
is elslly discharged from the active oxygen production 
agent ei to the outside at once. Thus, the 
;a«iculates are reformed by the active "^^en at once to 
thf easily cxidi.able stats, and then the 
Ln away. Therefore, when the air °' 
exhaust gas is made rich, the sinount G of the 
^articulates removable by oxidation increases. ^ 

in this case, the air fuel ratio of the exhaust gas 
^y b^ maarrich when the particulates deposit in ayers 
may . ratio of the 

4.v,« -Filter 22. Otherwise, the axr tuej. 
exh:!::t gasify - periodically made rich independent of 

Whether the P^^^f "/r.^Lrio'r"; exhaust gas 

For example, the air ruex 
is made rich by controlling the quantity of the fuel 
inj^ted from the injector 6 such that the average a.r 
Zl ratio Of the mixture in the combustion chamber 5 
while the valve lifts of the throttle valve 17 and the 

control valve 25 are controlled such that the EGR 
rate (the quantity of the EGK gas/, the quantity of the 
ittaMl air^ the quantity of the .0. gas,) is maintained 
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larger than 65 percent when the engine load iB small. 

AS explained above, in the case that the 
particulates are oxidized away by making the air fuel 
ratio of the exhaust gas rich when the particulates 
5 deposit in the- filter 22 and are not easily oxidized 
away, the filter 22 of the present invention has an 
advantage that hydrocarbon (HC) hardly adheres to the 
upstream area of the filter 22. ^ . . 

That is, if the air fuel ratio of the exhaust gas is 
10 made rich, the hydrocarbon flows into the filter 22. At 
Tls time, the hydrocarbon easily adheres to the upstream 
area of the filter 22. As the temperature at the 
upstream area of the filter 22 is lower "^^^^ J^^^l^jJ^l^ 
downstream area, the hydrocarbon adheres to the f.lter 22 
,5 at its upstream area and is not easily consumed Thus, 
the hydrocarbon deposits on the upstream area of the 
filter 22. However, in the present invention, sxnce the 
filter 22 carries much oxidation material at its upstream 
area the hydrocarbon is consumed and is hardly deposits 
20 thereon. Therefore, the hydrocarbon hardly closes the 
upstream area of the filter 22.. 

Fig. 12 shows an example of the routine of the 
engine operation control explained above. Referring to 
III 12, first, at step 100, it is judged if the average 
25 air fuel ratio of the. mixture in the combustion chamber 5 
should be made rich. When it is not necessary to make 
averaqe air fuel ratio of the mixture in the 

valve 17 is controlled at step 101, the valve lift of the 
30 ESK control valve 25 is controlled at step 102, and the 
quantity of the fuel injected from the « " 

controlled at atep 103 such that the amount « °^ 
inflowing particulates becomes smaller than the amount 0 
of the particulates removable by oxidation. 
„ on the other hand, when it is judged that the 

average air fuel ratio of the mixture in the combustion 
cl!mb!r 5 Should be made rich at step 100, the valve lift 
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of the throttle valve 17 is controlled at step 104 and 
the valve lift of the EGR control valve 25 at step 105 
such that the EGR rate becomes larger than 65 percent, 
and the quantity of the fuel injected from the injector 6 
5 is controlled at step 106 such that the average air fuel 
ratio of the mixture in the combustion chamber 5 becomes 
rich. 

Fuel or lubrication oil contains calcium (Ca), 
Therefore, the exhaust gas contains calcium. Calcium 

10 produces calcium sulfate (CaS04) in the presence of 503. 

The calcium sulfate is a solid and will not break down by 
heat even at a high temperature. Therefore , if calcium 
sulfate is produced, the calcium sulfate closes the fine 
pores of the filter 22. In this case, the exhaust gas 

15 does not easily pass through the filter 22. 

In this case, if an alkali metal or an alkali earth 
metal having an ionization tendency higher than that of 
calcium, for example potassium (K), is used as the active 
oxygen production agent 61, the S03 diffusing in the 

20 agent 61 bonds with the potassium to become potassiiim 

sulfate (K2SO4). On the other hand, the calcium does not 
bond with the 803, and then passes through the partitions 
54 of the filter 22 and flows into the outflow passages 
50. Therefore, there is no longer any clogging of the 

25 fine pores of -the partitions 54- Thus, as explained 
above, it is preferable to use an alkali metal or an 
alkali earth metal having an ionization tendency higher 
than calcium, that is, potassium, lithium, cesium, 
rubidium, barium, and strontium, as the active oxygen 

30 production agent 61. 

The present invention may be applied to a filter 
comprising only precious metal such as platinum carried 
on the carrier layer formed therein. In this case, the 
solid line denoting the amount G of the particulates 

35 removable by oxidation slightly moves to the right side 
in Fig* 8. Further, in this case, NO^ or SO3 carried on 
the surface of the platinum produces the active oxygen. 
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rurthenoore, as the active oxygen production agent, a 
catalyst may be used, which adsorbs and carries NO, or 
so!? aL produces the active oxygen from the carried »0, 

, ^°The fourth embodiment will be explained. As shown 

in Fig 13, in the fourth embodiment, an oxidation 
catalyst 22. is arranged in the exhaust passage . 
d^^stream of the outlet portion of the exhaust turbine 
21 and upstream of the filter 22. The catalyst^22a is 
Lred in a casing 23a. . -P--".""!" \ " 
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:hrt::e:::.e of t^e cataiyst -a is ..ac^^^ 

rn:urir:h:-i;pu:^:.T^^^^^^^ rrrt-ondin, 

catalyst 22a is, for example, formed 
by coating thin layers of alumina on the 

Of ceramics such as cordierite. or heat resistant steel, 
and then applying the precious metal -"^^^^ 

, laver The precious metal catalyst has an 

:rat o Tiiity. aL thus the catalyst 22a -J 
txidize specific constituents, in particular. "V^^-"^" 
and carbon monoxide (2C0 + 0 - CO,. HC + O, - CO, B,0) 

'ihe oxidation catalyst 22a carries has an "ount of 



away 



25 the precious metal catalyst per unit surface area larger 
" '^!! bv the filter 22. In the catalyst 22a 



t^ilC ^^^^ 

than that carried by the filter 22. 
of the fourth embodiment, one or more of platinum, 
palladium and rhodium is used as the precious metal 
catatyst. Further, in the fourth embodiment, in addition 
to the precious metal catalyst, an oxygen storage ag-nt 
s^ras ceriun, or nic.el for absorbing and releasing the 
oxygen may be carried on the alumina carrier, 
rrthermore. in the fourth embodi^nt in addition to the 
precious metal catalyst, a stabilisation agent such as 
Tariu^, lanthanum, or zirconium for preventing the change 
of t^ alumina and the precious metal catalyst by heat. 
L shown in Fig. U. the oxidation catalyst 22a 
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compriBes a honeycomb ceorfier. Therefore, the catalyst 
22a has a plurality of exhaust gas passages 22b therein, 
which are defined by partitions 22c and extend parallel 
to each other. Further, the inlet and outlet openings of 

5 the exhaust gas passages 22b of the catalyst 22a are 

completely open. ..That is, the catalyst 22a is a monolith 
type catalyst, in the catalyst 22a, the exhaust gas is 
not forced to pass through the partitions 22c, and thus 
the catalyst 22a has a small pressure loss. Therefore, 

10 the catalyst 22a arranged upstream of the filter 22 
increases the pressure loss of the exhaust gas 
purification device to only. a small extent. 

The exhaust gas contains particulates such as soot 
and Soluble Organic Fraction ( SOF ) therein. The fuel is 

15 smothered in the state that the oxygen is not sufficient 
in the combustion chamber. The soot is produced from the 
smothered fuel and mainly consists of carbon (C). On the 
other hand, the fuel and the hydrocarbon contained in the 
engine oil are evaporated by the high temperature in the 

20 combustion chamber and then deposit to become particulate 
matters by the decreasing of the temperature in the 
combustion chamber. The SOF is the depositing 
particulate matter and mainly consists of hydrocarbon. 
If the atmosphere surrounding the precious metal 

25 catalyst carried in the filter 22 is oxidative, the 

..catalyst strongly oxidizes the material contained in the 
exhaust gas. Therefore, if the engine is a compression 
ignition type engine, the lean exhaust gas is discharged 
therefrom, and thus the precious metal catalyst 

30 demonstrates a strong oxidizablity . Therefore, the SOF 
contained in the exhaust gas is oxidized away by the 
oxidizability of the catalyst (C„H. + Oj — COj + HjO). of 
course, the SOF contained in the exhaust gas is oxidized 
away by the active oxygen released from the active oxygen 

35 production agent 61 (C„H„ +0* — COj + HaO). 

However, depending on the engine operation state, 
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the concentration of the SOF in the exhaust gas 
discharged fro. the combustion chaxnber- 5 
increase. In this case, the concentratxon of the SOF xn 
the exhaust gas reaching the filter 22 increases and 
5 thus much SOF adheres to the upstream tapered wall 
portions 53 per unit time. The amount of the SOF 
Lovable by oxidation per unit time 

tapered wall portions 53 is limited. Therefore :.f the . 
concentratipn of the SOF in the exhaust gas — ^^^J^^ 
10 filter 22 increases, the SOF adhering to the upstream 

ta ered wall portions 53 is not completely oxidx^d away, 
and then the SOF deposits thereon. Therefore, the SOF 
closes the upstream small holes 56. , v,,,.^ 

in the filter 22, the upstream small holes 56 have 
Sizes larger than those of the fine pores of the upstream 
tapered wall portion 53 or the partition ^^^^^^ 
. partitions 54 extend generally parallel to the flow 
direction of the exhaust gas. However, the up™ 
small holes 56 open toa direction perpendicular to the 
direction of the exhaust gas. Therefore, the 
" rnt!:; o. the exhaust gas passing through the upstream 

holes 56 per unit surface area is larger than that ^ 
passing through the upstream tapered wall P-^-^ " - 
the partitions 54 per unit surface area, in addxt.on, 
the parrixioft f. located at the most 

25 since the upstream small holes 56 are loca ^ 

upstream area of the filter 22, the particulates ^ 
contll^d in the exhaust gas passing through the upstream 
Tairhote 56 have not been oxidized away. Therefore 
the amount of the SOF passing through the upstream small 
ZLTT^Ls larger than that passing through the upstream 
" Tapered wlL'ortions 53 or the partitions 54 Thus, the 
SOF easily closes the upstream 

Further, the soot has no v.scos.ty, and thus 

normally does not close the upstream small holes 56 and 
normally go ^^^^^ ^^^^^ 

then passes through the holes ao. 

sor hL viscosity. Therefor., if the SOF adheres to the 
Z^reL tapered „aXl portions 53, the soot adheres to 
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the SOF, and then closes the upstream small holes 56. 

Furthermore, the SOF in the exhaust gas is oxidized 
away by the filter 22 before the SOF reaches the 
downstream small holes 55. Therefore, the SOF hardly 
5 closes the holes 55. However, if the particulates 

deposit in the filter 22, or the concentration of the SOF 
in the exhaust gas discharged from the engine increases, 
or the filter temperature does not rise at the engine 
start up to an extent that the filter demonstrates its 
10 oxidizability, the rate of oxidation of particulates by 
the filter 22 decreases. in this case, the filter 22 
does not completely oxidize the particulates away. 
Therefore, much SOF reaches the downstream small holes 
55. in this case, for the same reasons as those in 
15 connection with the upstream small holes 56, the SOF 
closes the. downstream small holes 55 . 

Opposed to this, in the fourth embodiment, the 
oxidation catalyst 22a is arranged upstream of the filter 
22. The catalyst 22a strongly oxidizes and removes the 
20 SOF contained in the exhaust gas (C„H„ + Oj -^0^0 + 

HjO). Therefore, the amount of the SOF contained in the 
exhaust gas is decreased before the exhaust gas flows 
into the filter 22. If the exhaust gas flowing into the 
filter 22 contains almost no SOF, the SOF hardly deposits 
25 around the small holes 55,56, and hardly closes them. 

Note that, in the casfe that the engine is designed 
to inject the fuel into the exhaust gas on the basis of 
the total amount of the NOx carried. by the active oxygen 
production agent 61 of the filter 22 in order to reduce 
30 the NOx carried by the agent 61, the concentration of the 
SOF- in the exhaust gas increases as explained above when 
fuel is injected into the exhaust gas. 

Further, note that, in the case that the engine is 
designed that the fuel combustion temperature in the 
35 ■ combustion chamber becomes lower than the. soot generation 
temperature by circulating the exhaust gas- through the 
EGR passage by a quantity larger than that wherein the 
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t of the soot is peak, the concentration, 
generation amount ^^J^J ,^^,,,3,3 as explained 
of the SOF in the ^ circulated into the intake 

ahove When the -^-/^f^/^.r^ . ,,at wherein the 
passage by a quantity larger ^^^^^ 

, generation amount -J-^^Ie ^'t^e o.ygen decreases, 
quantity of the intake ^ ' ^j^e combustion 

:i:rrr«re: re so. . 
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the exhaust gas ^""^"^^'^^^^ ^ explained. In 

"""/f/^ttr^rai^ent, the sizes of the holes 
above explained """^/^ „ <,thel. Opposed to 

55,56 are generaXXy i„ pigs. ISA and 

this, in the fitth e»bod.nent as 

*'>%rdrtallTn rk"; , the si... o. 

other. " f 5j 3„coessively increase £ron a 

the upstream holes 56 ^ peripheral region 
central region of the Iix ^^^^ ^ 

thereof. -."^^/f/ZreVondlnrtrth, axis of the 
„is of the filter 22 cor P ^^^^^^ 
housing of the turbine, i.e., 

the other hand, the . 22 and adjacent 

around -O—tral region ofJ>e^fiXt^^^^^^_ ^^^^^ 

tc the P«"P^^=^/^^^,'^t successively increase fro. the 
the downstream „ the peripheral region 

central region of the filter 

,.,th en*odi:ient, in order to maintain the 
in the 22 small, the casing 23 

pressure loss of the ^^^^ than that of 

hosing the filter 22 has a ^ p^^ther, the casing 

the exhaust pipe -=°''''"'="t.usntpe such that the central 
23 is connected to ^J'^ ^f^l^^^l,^, the exhaust 
axis of the casing " « ,3 smoothly connected 
pipe. Purthermore, J^^^^^ „f the casing 

to the exhaust pipe by the ^^^^^^ .^^ 

23. in this structure, the .^^^ 

.asing 23 from and does not easily flo« 

central region of tne 
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into the peripheral region thereof. Therefore, the 
quantity of the exhaust gas flowing in the central region . 
of the filter 22 is larger than that flowing in the 
peripheral region thereof. Thus, the distribution of the 
5 exhaust gas flowing in the filter 22 is not uniform. 

opposed to this, in the fifth embodiment, the small 
holes 55,56 at the central region of the filter 22 have 
sizes larger than those at the peripheral region thereof . 
If the small holes have large sizes, the exhaust gas 
easily passes through the small. holes. Therefore, in the 
fifth embodiment, the difference in quantity of the 
exhaust gas flowing in the central region of the fxlter 
22 and the peripheral region thereof decreases. That is, 
as explained above, the exhaust gas reaching the ^^^^^^ 
22 easily flows into the central region of the filter 22. 
However, in the fifth embodiment, the small holes 55,56 
at the peripheral region of the filter 22 are enlarged. 
Therefore, the exhaust back pressure in the peripheral 
region of the filter 22 is small, and thus the exhaust 
gas easily flows thereinto. Therefore, the distribution 
of the exhaust gas is more uniform. Accordingly, the 
exhaust gas uniformly passes through the filter 22, and 
thus the filter 22 is efficiently used. 

The filter 22 is heated mainly by heat derived from 
the exhaust gas, and from the chemical reaction, in the 
filter 22, between the specific components contained in 
the exhaust gas. The quantity of the heat for heating 
the filter 22 is proportional to the quantity of the 
exhaust gas flowing into the filter 22. Therefore, the 
temperature of each portion of the filter 22 depends on 
the quantity of the exhaust gas flowing thereinto., 

in the case that the sizes of the small holes 55,56 
of the filter 22 are the same as each other and the cross 
sectional areas of the exhaust gas passages 50,51 of the 
filter 22 are the same as each other, the exhaust gas 
more easily flows into the central region of the filter 
22 than into the peripheral region thereof. Therefore, 
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the filter 22 has a temperature at its peripheral region 
lower than that at its central region. Further, the 
peripheral wall surface of the filter 22 ie exposed to 
the atmosphere having a low temperature. Therefore, the 
5 heat is discharged from the peripheral region of the 

filter 22 to the atmosphere. Thus, the filter 22 has a 
temperature at its peripheral region lower than that at 
its central region. Since an ability to oxidize the 
particulates at each region of the filter 22 is 
10 proportional to the temperature thereof, the particulate 
oxidation ability is large around the small holes 55,56 
at the central region of the filter 22, and thus the 
particulates do not easily close the small holes 55,56 at 
this region. On the other hand, at the peripheral region 
15 of the filter 22, the particulate oxidation ability is 
small around the small holes 55,56, and thus the 
particulates easily close the holes 55,56 in this region. 

Opposed to this, in the fifth embodiment, the sizes 
of the small holes 55,56 successively increase from the 
20 central region of the filter 22 to the peripheral region 
thereof. Therefore, the exhaust gas uniformly flows in 
the filter 22 , and thus the distribution of the 
temperature of the filter 22 is uniform. Accordingly, at 
the central region of the filter 22, the small holes 
25 55,56 have small sizes but the tapered wall portions 
. 52,53 around the small holes 55,56 have high 
temperatures. Therefore, the particulate oxidation 
ability at the central region of the filter 22 is large, 
and thus the particulates do not easily close the small 
3 0 holes 55,56 at this region. On the other hand, at the 
peripheral region of the filter 22, the tapered wall 
portions 52,53 around the small holes 55,56 have low 
temperatures but the small holes 55,56 have large sizes. 
Therefore, the particulates do not easily close the small 
35 holes 55,56 at the peripheral region of the filter 22. 
As explained above, when the amount of the 
particulates depositing in the filter 22 becomes large. 
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to „ertorm a control Sor raisina the 
it is necessary to pert ^ ^ ^^^^^.^ temperature to 

temperature of the the filter 

oxidize the '^^„„^ the so, carried by the 

"'1^ ft n necessary to perform control 
5 filter 22 xs large, xt _ ^ 

.or raisin, f;;-^;,::":^ L--<> ""^-^ 

temperature " ,^ove control, if the 

22. However, f^/J^^^J temperature, the 
filter 22 ^« '/^f ^^^^^^^ ,,i,i„ally havin, a- low 
10 temperature of ^^'J ^ ^„ t temperature, or the 

temperature ""^^^ton originally >>avin, a hi,n 
temperature of ? increase beyond the target 

temperature "^^'^^ J, i„ the case that the 
temperature, in P ^ ^^i^inally having a high 

15 ""I^""" °M^'i^.ly increases beyond the target 
t«»perature excessxv.ly ^ 

temperature, "^^^"^^^ temperature, 
filter 22 xe -^"^^ fifth. e-^cdiment, the. 

opposed to this, in tn ^^^^^^^ 

20 difference in "-^-""'t^^f/Z/t:: filter 22 is 

Therefore, when the «»^»""/%,, temperatures of 

.aisea to *-;«';;jTar:Ta;dly excessively raised 
portions of the filter ^^^^^ „f the energy 

to high temperatures. Theref 

" Tort^r re fift. ^-^^rir 

22 to its peripheral "^lon^ ^^^^.t openings of 

»ote that, -«^^%fire catalyst 22 have sizes 
the exhaust 9- P-^^'^^ ^^^^ 55.56 of the filter 

l=.„er than «>°" °* ""^ ^^,,,t gas hardly closes 

^''^I'sTtre irauft passages of the catalyst 
the openings or 

35 22- o^talvst which is not a monolith type 

■ oatair^mt^: " the oxidation catalyst, further. 
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in place of the oxidation catalyst, there may be used a 
catalyst for absorbing and carrying the NOx contained xn 
the exhaust gas when the lean exhaust gas flows 
thereinto, and for releasing and reducing the carried NOx 
5 therefrom when the rich exhaust gas flows thereinto even 
if the catalyst can remove the SOF. 

. The sixth embodiment will be explained. Fxgs. 16A 
and 16B show an end view and a longitudinal cross ■ 
sectional view of the filter of the sixth eira^odxment. 
respectively, m sixth embodiment, the sizes of the 
holes 55,56 of the filter 22 are ^^/^^ ^[^^ 

each other. However, as shown in Fxgs. 16A and 1« the 
cross sectional areas of the exhaust gas passages 50,51 
successively increase from the central region of the 
filter 22 to the peripheral region thereof. Accordxngly, 
a difference between the quantities of the exhaust gas 
passing through the central and peripheral -^^^^^^J^^" 
filter 22 is small, and thus the exhaust gas unxformly 

flows in the filter 22. , . 

Therefore, for the same reasons as thos. explained 
regarding the fifth embodiment, the filter 22 ^ 
difference in temperature, and thus the particulates do 
Z easily close the small holes 55,56 -^J^ 
region of the filter 22. Further, sxnce the filter 22 
has a small difference in temperature, the waste of the 
energy and the melting of the filter are a^o:.ded «hen the 
t^^ature of the filter 22 is raised to th^ target 

temperature. ' * , • 

Hote that the fifth and sixth emBodrments may be 
combined. That is, the si.es of the small -oles 55,56 of 
the filter 22 and the cross sectional areas of the 
exhaust gas passages 50.51 may successively 
the central region of the filter 22 to the peripheral 

reaion thereof- u^,,r. 
The seventh embodiment will be explaxned. As shown 
in Fig 17, in the seventh embodiment, the intalce passage 
13 is connected to an air cleaner 43 upstream of the 
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1:hrottle valve 17. Further, in the seventh embodiment, a 
particulate filter (hereinafter, referred to as maxn 
filter) 44 is arranged in the exhaust passage dovmstream 
Of the filter 22. The main filter 44 is housed in a 
5 casing 45. temperature sensor 46 for ^^^-^^^^^^^ 
temperature of the main filter 44 is attached to the 
upstream end of the main filter 44. The output sxgnal of 
the temperature sensor 46 is input into the anput port 35 
through the corresponding AD converter 37. in the 
,0 s^enth embodiment, the structure of the filter 22 .s the 
same as the filter of the first embodiment Hereinafter, 
the filter 22 is referred to as the -^"^^^^^^ f 

Referring to Figs. 18A and 18B, the maxn filter 44 
will be explained. Figs. 18A and 18B show an end vxew 
Ind a longitudinal cross sectional view of the maxn 
fitter' respectively. As shown in Figs. 18A and 18B, the 
filter 44 has a honeycomb structure, and comprises a 
Plurality of exhaust gas passages 44a,44b extending 
paratiel to each other. These passages - constituted, 
by exhaust gas inflow and outflow passages 44a and 44b. 
by exnaus y closed at their downstream 

The inflow passages 44a are cioseu 
ends by plugs 4 4c. On the other hand, the outflow 
passages 44b are closed at their upstream ends by plugs 

The inflow and outflow passages 44a, 44b are 

alternatively positioned. Thin P-^^^^^^/^^^^r 
between the inflow and outflow passages 44a,44b. Four 
inflow passages 44a are positioned around each outflow 

'"^Tn Ither words, one 44a of the adjacent passages 
44a 44b is closed at its downstream end by the plug 44c, 
and'the other passage 44b is closed at its upstream end 

^hf ILllllter 44 is formed of a porous material 
such as ceramics such as cordierite containing fine 
pores, each having a predetermined average size. 
Therefore, as shown in Fig. 18B, the exhaust gas flows 



20 



25 



30 



35 



10 



15 



PCT/JP02/08142 

WO 03/014539 

- 48 - 

4/ia and then into the adjacent 

outflow P^^^^'"""*"^,^' m.en the exhaust gas flows 
.urroun.in, , "t,, ",„.icuUtes contained in 
i„ .ne passages 44a 44b, ^^^^^ ^^^^ 

5 the exhaust gas are _ „assaaes 44a, 44b. Further, 

petitions 44e ae™j.« f.": h the iine pores of the 
„H.n the «7"JJ//^rc'lates contained in the exhaust 

P°^^^' . to the sub-filter 22, the roain 

„ote ;^^:f,rpr.c!o:s .aetal catalyst and active 

filter 44 ^^=°.="""/ther.in. Further, similar to the 
..,,en P-<»-"-/rnd orenlngs of the exhaust ,as 
sub-filter 22, the ena p ,,,ter 44 may be partially 
passages 44a. 44b of ^^^J^^'^Z have Lall holes at 
Closed by tapered "''"/""^""^.^i^.^. furthermore, the 
tip. Of the -P/^/^^^::t\r;U,„es 44a,,4b of the 
end openings of ^''^^"''^^"".^^^./c.osed by tapered wall 
^in filter 44 .ay ^"f ^^te .t the tips of the 
JO portions and have no "^^^ ^ ,4 may 

..pered jrrat'the end openings of the 

TJLI :rs Pa:.a:« 44a44b are not closed, and thus are 
completely open. ton with the first 

^ explained ""^^/^f ^ jTpressure loss smaller 
embodiment, the ^"""'^f " therefore, although the 

.ban that of the ^'^JJ^^Zs^re^ of the main filter 44, 
sub-filter 22 " ga. purification 

.he total P--;- tL„„e. Of course, the total 

device does .he exhaust gas 

^"*'"':"on°: tice d:ern:t largely decrease, 
purification ^'^''^^ ^^^i,^ oxygen production 

" Tit mit; 44 carries the oxygen in the 

:%re\rt^ate i"s When the atmosphere surrounding 
35 form of the ^ .3, agent of the main 

.he agent iS ^""^"^^^ „ent for carrying the 

filter 44 serves, as a BOX ca 
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NOx therein when the atmosphere surrounding the agent is 
oxidative. The amount of the NOx which the agent can 
carry therein has an upper limit. If the amount of the 
NOX reaches the upper limit, the agent of the main filter 
5 44 does not newly carry the NOx, and then the NOx flows 

out of the main filter 44. Therefore, it is necessary to 
purify the NOx carried in the agent by reducing the same 
before the amount of the carried NOx reaches the upper 
limit. 

The active oxygen production agent releases the 
oxygen carried in the form of the nitrate ions when the 
atmosphere surrounding the agent becomes reductive, in 
other words, the agent releases the NOx carried in the 
form of the nitrate ions when the atmosphere surrounding 
15 the agent becomes reductive. At this time, as shown in 
rig. 19C, the NOx released from the agent is reduced by 
the hydrocarbon and the carbon monoxide contained in the 
exhaust gas. 

in the seventh embodiment, before the amount of the 
20 carried NOx reaches an allowed upper limit, the NOx 

carried in the agent of the main filter 44 is reduced and 
purified by supplying the rich or generally 
stoichiometric exhaust gas to the filter 44. Note that, 
in consideration of this function of the filter 44, the 
25 filter 44 has a NOx catalyst comprising the NOx carrier 
agent and the precious metal catalyst. 

Note that if the rich exhaust gas. having a low 
concentration of the oxygen is supplied to the main 
filter 44, the ratio of the hydrocarbon and the carbon 
30 monoxide oxidized away by the main filter 44 is small, 
on the other hand, if the lean or generally 
stoichiometric exhaust gas is supplied to the main filter 
44, the ratio of the hydrocarbon and the carbon monoxide 
oxidized away by the filter 44 is large. Further, Figs. 
35 19A and 19B correspond to Figs. 6A and 6B, respectively. 

AS explained above, the filters 22,44 purify four 
kinds of components such as the particulates, the NOx, 
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the carbon monoxide, and the hydrocarbon, depending on 
the characteristics of the exhaust gas flowing thereinto. 
The platinum and the active oxygen production agent 
carried by the filters 22,44 are more active when the 
5 temperatures thereof are high. Therefore the 

purification ratios of the above four ka.nds of the 
Components by the filters 22,44 depend on the temperature 
of the exhaust gas flowing thereinto, and become large 
when an exhaust gas having a high temperature flows 

10 thereinto. , 00,- = 

in the seventh embodiment, the sub-fxlter 22 iS 
arranged directly downstream of the exhaust manifold 17. 
Therefore, the hot exhaust gas in^tediately after be.ng 
discharged from the conO^ustion chamber 5 flows 
15 sub-filter 22, and thus the temperature of the sub-fxlter 
22 is maintained high, of course, at the engine start 
up, the exhaust gas discharged from the combustxon 
Chamber 5 has a low temperature but, according to the 
seventh embodiment, the temperature of the ^^^T^^^^^ " 
20 is rapidly raised by the exhaust gas and xs maxntaxned 
high. Accordingly, in the seventh embodiment the 
purification ratios of the above four kinds of components 

"^The* sub-filter 22 also has an ability to oxidize the 
25 particulates, and thus the decreased amount °f 

particulates flows into the main filter 44. Therefore 
• almost all of the particulates contained in the exhaust 
gas may be oxidized away by the main filter 44. 
'otherwise, as the main filter 44 is required to oxxdx.e 
30 small amount of the particulates, it is penaxtted to 

Lnscale the filter 44. «ote that, in order to maxntaxn 
the temperature of the sub-filter 22 hxgher than a 
certain'temperature, the sub-filter 22 -ou^^-^;--^- 
near the exhaust port 10. Therefore, as shown xn Fxg 
3S 20 the sub-filter 22 may be arranged in the branch pxpe 

of the manifold 17. . ^ 

The eighth embodiment will be explaxned. in the 
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eighth embodiment, as shown in Fig. 21, a bypass passage 
48 which bypasses the main filter 44 extends from the 
exhaust pire 47 between the sub- and main filters 22 44. 
The passage 48 at its upstream end is connected to the 
5 exhaust pipe 47- upstream of the main filter 44, and at 
i^:s downstream end is connected to the exhaust pxpe 47 
downstream of the main filter 44. The bypass P^Bsage 48 
and the main filter 44 are in parallel wxth each other, 
in the eighth embodiment, a switch valve 49 is arranged 
10 at the connection of the bypass passage 48 and the 

exhaust pipe 47 upstream of the main filter 44. The 
valve 49 serves to switch the flow of the exhaust gas to 
the main filter 44 and the bypass passage 48. 

The active oxygen production agent carrxes the SOx 
contained in the exhaust gas when the lean exhaust gas 
flows thereinto. If the amount of the SOx carried by the 
agent increases, the amount of the NOx which the agent 
cL carry decreases. Therefore, before the amount of the 
^ox whi^ the agent can carry decreases under an allowed 
l"er limit, it is necessary to release the SOx from the 

^^^""""in the eighth embodiment, the sub-filter 22 is 
arranged upstream of the main filter 44. The active 
oxygen production agent of the sub-filter 22 carrxes the 
^ox contained in- the exhaust gas when the 1-n exhaust 
gas flows thereinto, and thus the exhaust gas flowxng 
Into the maim filter 44 contains a very small amount of 
the SOX. Therefore, in the eighth embodiment, xt xs 
hardly necessary to release the SOx from the actxve 
oxygen production agent of the main filter 44. 

The active oxygen production agent of the sub-fxlter 
22 has an allowed upper limit to carry the SOx. 
Therefore, before the amount of the SOx carrxed by the 
agent of the sub-filter 22 reaches the allowed upper 
rimit,it is necessary to release the SOx from the agent 
of the sub-filter 22. Next, referring to Figs. 22A and 
22B the release of the SOx from the agent of the sub- 
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filter 22 will be explained. 

Fig. 22A shows a relationship between the 
temperature T of the active oxygen production agent when 
the atmosphere surrounding the agent is rich or generally 
5 stoichiometric, and the NOx releasing ratio f<T) and the 
SOX releasing ratio g(T) from the agent. Fig. 22B shows 
the period that the atmosphere surrounding the agent is 
maintained rich or generally stoichiometric, and the 
total NOX releasing amount and the total SOx releasing 
10 amount from the agent when the agent has a temperature 
lower the temperature To shown in Fig. 22 A. 

AS can be understood from the Fig. 22A, when the 
agent temperature T is lower than the ten^erature To and 
the atmosphere surrounding the agent is rich or generally 
15 stoichiometric, the agent releases the NOx but hardly 

releases the SOx therefrom. Therefore, in state that the 
agent. temperature T is lower than the temperature To, the 
agent releases a very small amount of the SOx even if the 
atmosphere surrounding the agent is maintained rich or 
20 stoichiometric for a long time. 

in the case. that the engine is a compression 
ignition type engine, the main filter 44 often has a 
temperature lower than the temperature To. Therefore, 
even if the rich or generally stoichiometric exhaust gas 
25 flows into the main filter 44, the active oxygen 

production agent of the main filter 44 hardly releases 

the SOX therefrom. 

in the eighth embodiment, when it is necessary to 
release the SOx from the active oxygen production agent 

30 of the sub-filter 22, the temperature of the sub-filter 
22 is raised above the temperature To and the rich 
exhaust gas is supplied to the sub-filter 22, or the 
temperature of the exhaust gas flowing into the sub- 
filter 22 is raised above a temperature whereat the 

35 active oxygen production agent of the sub-filter 22 

releases the SOx therefrom and the rich exhaust gas is 
supplied. 
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According to this, the sub-filter 22 releases the 
SOX therefrom, in consideration of this function of the. 
sub-filter 22, the sub-filter 22 serves as a SOx carrying 
agent for carrying the SOx contained in the exhaust gas 
5 when the lean exhaust gas flows into the sub-filter 22. 
Further, since the sub-filter 22 is arranged near the 
engine body, the temperature of the sub-filter 22 is 

easily raised. 

in the eighth embodiment, when the sub-filter 22 
releases the SOx therefrom, the switch valve 47 is 
positioned as shown by the chain line of the rig. 21 such 
that the exhaust gas flows into the bypass passages 48. 
According to this, the SOx released from the sub-filter 
22 hardly flows into the main filter 44. On the other 
hand, when the sub-filter 22 does not release the SOx 
therefrom, the switch valve 47 is positioned as shown by 
the solid line of the Fig. 21. 

Note that the sub-filter 22 carries the NOx 
contained in the exhaust gas when the lean exhaust gas 
flows thereinto, and releases the carried NOx therefrom 
when the rich or generally stoichiometric exhaust gas 
flows thereinto, and reduces and removes the released NOx 
by hydrocarbon and carbon monoxide contained in the 
exhaust gas. Therefore, when the rich or generally 
stoichiometric exhaust gas is supplied to the sub-filter 
22 to release the SOx from the sub-filter 22, the sub- 
filter 22 releases the NOx therefrom, and the released 
NOX is reduced and removed by the hydrocarbon and the 
monoxide contained in the exhaust gas. Therefore, even 
if the exhaust gas bypasses the main filter 44, the NOx, 
the hydrocarbon and the carbon monoxide hardly flow out 
of the exhaust gas purification device. 

Note that, in order to stop releasing the SOx from 
the sub-filter 22, the air fuel ratio of the exhaust gas 
is changed from a rich or generally stoichiometric air 
fuel ratio to a lean air fuel ratio, and the position of 
the switch valve 47 is changed to a position shown in the 
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exhaust ,as flows ^^J^^^' «^en th. »»b- 

;.ccord.n, ^° ^^^/^°',\,„efron., the switch valve 47 
poBition Shown »y the chain line of 
is P°""°-<^ hydrocarbon and the carbon 

' de "i;w "ro^^he sub-filter 22 into the bypass . 

""r«%8 therefore, the hydrocarbon and the carbon 
passage 48. in . „„rified by the three way 

carrying a hydrocaroo catalyst 22 

,He exhaust passage of ^^^J-^l^J"^^ ,L^e. of the 

comprises the s^e '^^^^^ ^l^^^Z. contained in the 
,0 first -^='^r^„;::The hydrocarbon collection agent 
exhaust 9as adheres to y ^y^^oearbon 

of the „„l,umed hydrocarbon contained 

collection -"^f embodiment, as the 

in the exhaust gas. ^ £or 

nydrocarbon "1.^-*"" X/^,; on both side waXl 

. example,, alumina "^.^"'^"^^^ ,„£.ces defining 

,„.faces Of f-;: , :;r:4, and both side wall 

■ 'oHhe tapered wall portions 52,53. 

surfaces of the tape collects the 

,he hydrocarbon -J.Xejt.on agent ^^^^^^^ 

.nburned ^J-^-^^^J^^rthereto when the agent has a 

^ r" Je lo^er than the temperature at which the 
temperature iowet ^^^^^ 
,,^ecar^n leaves - agent ^ Jn^t^^ ^^^^^^^^^ 

35 , "y^-"^" "^^l^Z ,ne agent has a temperature 

■ TZ^^ r temperature at which , the hydrocarbon 
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leaves the agent. The temperature at which the 
hydrocarbon leaves the hydrocarbon collection agent xs 
seHuch that the agent does not release the hydrocarbon 
Ten a later explained hydrocarbon purification catalyst 
5 has a temperature lower than the temperature at which the 
catalyst does not oxidi.e and purify the unburned 

""'^""ILust gas purification catalyst .. has a 
hydrocarbon purification catalyst for oxidizing and 
10 pLifying the unburned hydrocarbon, m the tenth 
" ::^odiJnt, as the hydrocarbon purification =-"1^=^' 
" cious metal catalyst such as platinum is carried on 
The alumina carrying layer of the catalyst 22^ The 
hydrocarbon purification catalyst oxidizes and purifies 
15 thf unburned hydrocarbon when its temperature is higher 
than a hydrocarbon purification temperature. 

in the tenth embodiment, the pressure loss of the 
exhaust gas purification catalyst 22 and the unburned 
hydrocarL" and particulate collection ratios of the 
JO catalyst 22 can be adjusted by adjusting the sizes of the 
n Hr,ii»s 55.56 of the catalyst 22. 
^"^''.h: actio; of the exhaust gas purification catalyst 
of the tenth embodiment will be explained. Even in the 
state that the hydrocarbon collection agent h.s a loy 
state T:no ouantity of the exhaust gas flowing 

2S temperature ^^fl '^^^lZ^ ,,pidly increases,, the 

:rd:c: "br-re^^^^^^^^ - .gent may b. released fr^ 
thf wall surfaces or fine pores of *he partitions 54 by 
tht exhaust gas. At this time, the hydrocarbon 
30 purif ication catalyst also has a low temper ature , and 

thus does not purify the hydrocarbon, in this case if 
the exhaust gas passages of the catalyst 22 completely 
!pen at the outlets thereof, the hydrocarbon flows out of 

the catalys"t 22. 

When the catalyst 22 has a low temperature, for 
" example a. en.ine start up, the hydrocarbon pur...cat.on 
catalyst also has a temperature lower than the 
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hydrocarbon purification temperature., and thus the 
unburned hydrocarbon contained in the exhaust gas is not 
oxidized and purified by the hydrocarbon purification 
catalyst. However, at this time, the hydrocarbon 
5 collection agent has a temperature lower than the 

hydrocarbon release temperature, and thus the unburned 
hydrocarbon contained in the exhaust gas is collected by 
the hydrocarbon collection agent. Therefore, the 
unburned hydrocarbon hardly flows out of the catalyst 22. 
10 On the other hand, when the temperature of the 

exhaust gas discharged from the engine successively rises 
and the temperature of the hydrocarbon collection agent 
exceeds the hydrocarbon release temperature , the unburned 
hydrocarbon leaves the hydrocarbon collection agent. At 
15 this time, the hydrocarbon purification catalyst has a 
temperature higher than the hydrocarbon purification 
temperature. Therefore, the unburned hydrocarbon leaving 
the hydrocarbon collection agent is oxidized and purified 
by the hydrocarbon purification catalyst. Thus, the 
20 unburned hydrocarbon hardly flows out of the catalyst 22. 

in the state that the hydrocarbon collection agent 
has a temperature lower than the hydrocarbon release 
temperature, if the quantity of the exhaust gas passing 
through the fine pores of the partitions 54 of the 
25 catalyst 22 rapidly increases, the unburned hydrocarbon 
may leave the fine pores of the partitions 54. At this 
time, the hydrocarbon purification catalyst has a 
temperature lower than the hydrocarbon purification 
temperature, and thus the leaving hydrocarbon is hardly 
3 0 purified by the hydrocarbon purification catalyst. 

in the tenth embodiment, the upstream openings of 
the outflow passages 51 of the catalyst 22 are partially 
closed by the upstream tapered wall portions 53, and thus 
almost all exhaust gas flows into the inflow passages 50 
35 of the catalyst 22. Further, the downstream openings of 
the inflow passages 50 of the catalyst 22 are partially 
closed by the downstream tapered wall portions 52, and 
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. ^^ .xhaust gas passes through the fine pores 
..us -^-^^^.f^^J^^r'\Lrefore, the particulates are 

3 =;sT. r r^tror. .e.i.ing the i..o. 

passages 50- particulates are collected and 

in the state that the pa surfaces of the 

^« -t-hie fine pores and on -cne wdj. 

,0 .hr=»,. the fine l'^^^ ^^^^^^l^^st gas flowing 

.esult. even " "^/"f ^^./L. „p,.l, incr. tn. 

into th. ""^f passing through the fin. 

cp^antity o£ the exhaust , ^ ^^^^..^ 

p„.es of '"^^!f/;,rthe unburned hydrocarbon hardly 
15 increase. " petitions 54 . Thus, the 

leaves the fine of the catalyst 22. 

unbumed hydrocarbon ^^f ^ ""^^^"^^ first 

. »o« that ^o^i^ent has. 

^"""re';^^^^- PrX-on agen.. and .hus successively 

20 "'.'"=*^''%°!^'!^Jeulates away for a short ti-e. 

oxidizes the particular ^.^ioulates collected in 

therefore, the amount ^^^/^^ * „.ll 

rt^etritfoL . defining the inf^w 

25 passages 50 is mainlined small^^^ ^^^^^^^^ 

r^r^^i^e ZZ^ Prc^ucion agent deer whan 

around the active oxyge p ^^^^^ 

th. particulates adhere to ^l^* 1,„. 
..at the a^sphere er^Ltion of the 

30 rurther, '-^^^ ''^^^^ p,„.„cti=n agent 

oxygen around the ^''^^^ j^^, into the 

rxrar:ar::riric::"^^^^^ - - 

irVre surrounding ---^rartLrfhe a^osphere 

^ explained '^"'J'lZ.c^iou agent is lean, 

surrounding the active oxygen P ^^^^^^^^ ^^^^ 

when the particulates adhere to tne 
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concentration of the oxygen therearound, the NOx leaves 
the agent. In this case, the leaving NOx is carried 
again by the active oxygen production agent. On the 
other hand, as explained above, when the rich exhaust gas 
5 flows into the catalyst 22 to make the atmosphere 

surrounding the active oxygen production agent rich, the 
NOX leaves the agent. In this case, the leaving NOx :ls 
reduced and purified by the unburned hydrocarbon 
contained in the exhaust gas together with the action of 
10 the platinum. That is, if the engine operation is 

controlled to discharge the rich exhaust gas therefrom, 
the HOx carried by the active oxygen production agent is 
reduced and purified. Therefore, the catalyst 22 of the 
tenth embodiment has a NOx catalyst comprising the actxve 
15 oxygen production agent and the platinum. 

Note that, as explained above, in the case that the 
catalyst 22 has an active oxygen production agent, the 
catalyst 22 oxidizes the particulates collected therein 
away even if the catalyst 22 has a low temperature. 
20 However, if the catalyst 22 has a lower temperature, the 
particulates successively deposit in the catalyst 22. As 
explained above, the inlets of the inflow passages 50 and 
the outlets of the outflow passages 51 of the catalyst 22 
are defined by the wall surfaces of the tapered wall 
25 portions 52,53, and thus the exhaust gas does not flow 
with turbulence at the inlets of the inflow passages 50 
and the outlets of the outflow passages 51. Therefore, 
the catalyst 22 potentially has a low pressure loss. 
Thus, even if the particulates deposit in. the catalyst 
30 22, the pressure loss of the catalyst 22 is maintained 

Of course, if the amount of the unburned hydrocarbon 
collected by the hydrocarbon collection agent or the 
amount of the particulates depositing in the catalyst 22 
35 increases, the ability of the collection of the unburned 
hydrocarbon by the hydrocarbon collection agent 
decreases. However, for example, after the engine starts 
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up, the temperature ol the catalyst 22 rises, thus 
the unburnea hydrocarbon and th. particulates =°»«"^^ 
in the catalyst 22 are oxidized. Therefore, at the next 
engine start up, the very small «nount of the "n^--^ 
5 hydrocarbon and the particulates deposit in the cata yst 
22 Thus, the unburned hydrocarbon leaving the catalyst 
22 'immediately after the engine start up Is assuredly 
collected by the hydrocarbon collection agent of the 
catalyst 22. 

,0 in the tenth embodiment, almost all exhaust gas 

flows into the inflow passages 50 of the ="^1^" 
nasles through the fine pores of the partitions 54, and 
flo" into the outflow passages 51. When the exhaust gas. 
pa:::s through the fine pores of the partitions 54 some 

15 particulates are collected in the fine pores of the 

petitions 54. If the particulates are collected .n the 
fife pores of the partitions 54, the exhaust gas does not 
easily pass through the partitions 54. Therefore^ even 
if the quantity of the exhaust gas flowing into the 

20 catalyst 22 rapidly increases, the quantity of the 
exhaust gas passing through the fine "'^^'•^^^ 

r,.rtitions 54 does not largely increase. Thus, the 
partitions 54 a ^^^^ 

unburned hydrocarbon haraiy a.»=v 

2S ""'"tlr^fore, in the state that the hydrocarbon 
collection agent has a temperature lower than the 
h^dto^arbon release temperature and the -y='-="''- . 
. purification catalyst has a temperature lower than the 
. hydrLarbon purification temperature, the unburned 
30 hydrocarbon hardly leaves the fine pores of the 

partitions 54 even if the quantity of the exhaust gas 
flowing into the catalyst 22 rapidly increases. That is, 
in the tenth embodiment, in the state that the 
hvdrocarbon purification catalyst does not purify the 
hydrocaroon pui ouantitv of the exhaust 

35 unburned hydrocarbon, even if the quantity o 

oas flawing into the catalyst 22 per unit time rapidly 
Increases, almost all unburned hydrocarbon remains on the 
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nya.ccarbon =°"-^-^ jfr .roaucing a particulate filter 
The second "^'^^f ^^e method explained 

the i-ention W.11 ba^^^^^ ,„,,eulate filter 22 
belov is The filter 22 shown in .igs. 

f //b is the sa^e as that sho«n in rigs. and IB 
''^ Tthlt each taper.- «all portion of the filter shown 

24* and 24B have a ,uadran^lar pyramid shape 
tLlrelch Uered wall portion of the filter shown, .n 

have a conical shape. 
Figs. 1» and IB hav ^^^^ ^„ 

;.coord.n, to ^ ^s^r^^ "0 formed of porous 

Tl as iordierit. and having a honeyoo:^ 
material such as cord ^oo has exhaust gas 

rargrs%::srrired partitions ^he partitions 

" T.i;:t -rrrg: 2=3. a ^osure device .01 for 

Next, a«» „^^„-inas of the exhaust gas 

partially Closing -- --- 

passages 50,51 P 

the substrate ^"^ . /^'''^^j^^i^ ^o Fig. 26A showing a 
,e,ice 101 .n data 1^ Kefe^^^^g^^^_ ^^^^ ^" 

plan °' projections 102. M can be 

predetermined "U^ers of prj^ projections 

understocd from Fig. 2«B ^ ^ regular 

10., each projection 102_ has -^s- -lly a ^^g 

-^""rr.Ta-l trt-foura«acent ridges 103 of 
arranged in a patter converge. Further, a pm 

r itrrrgerrerir^rwre-re flur adjacent ridges 

-3 :our --^rviferir^rrsL^^^^^^^^^^ - 

The closure ^^.^ each projection 

end faces of .'^'^^^'l^.s^.^in^ exhaust gas 

"e'ro^ThenThe ".vice lo! is pressed onto one end 

tie sSttrate 100, four end portions of four 
face of the substr. ^^^^^^^ ^^^3^,, 

:f rgarhfrrt^aL each other by corresponding four 
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adjacent projections 102. Each pin 104 of the closure 
device 101 exists in each area enclosed by four gathered, 
end portions of four adjacent partitions 54. As a 
result, four end portions of four adjacent partitions 54 
defining each exhaust gas passage 51 are partially 
connected to each other while a small hole 56 is formed 
therein, by the pin 104. Thus, upstream tapered wall 
portions 53 having the small holes 56 are formed. 

Next, the closure. device 101 is pressed onto the 
other end face of the substrate 100 such that each 
projection 102 is inserted into each exhaust gas passage 
51. Thus, downstream tapered. wall portions 52 having 
small holes 55 are formed. 

AS explained above, according to the second method, 
the closure of the end openings of the exhaust gas 
passages, i.e., the formation of the tapered wall 
portions for closing the end openings of the exhaust gas 
passages, and the formation of the small holes in the 
tapered wall portions are performed at a time. 

The third method for producing a filter will be 
explained. The closure device 101 used in the third 
„,ethod comprises an opening closure device 105 shown in 
Fig. 27A and a hole formation device 106 shown m Fxg. 

* Referring to Fig. ..27A showing a plan view of the 
opening closure device 105, the device 105 has 
predetermined numbers of projections 102, Fig. 27B shows 
one of the projections 102. As can be understood from 
Fig. 27B, each projection 102 has substantially a regular 
quadrangular pyramid shape. Each projection 102 xs 
arranged in a pattern that four adjacent ridges 103 of 
four adjacent projections 102 converge. 

on the other hand, referring to Fig. 28A showing a 
plan view of the hole formation device 106, the device 
106 has predetermined numbers of pins 104. Fig. 28B 
shows four pins 104. Each pin 104 is arranged at each 
area where four adjacent ridges 103 of four adjacent 
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projections 102 converge. 

According to the third method, as shown in Fxg. 29A, 
first, the opening closure device 105 is pressed onto one 
of the end faces of the substrate 100 such that each 
5 projection 102 is inserted into each exhaust gas passage 

50 When the device 105 is pressed onto one end face of 
the substrate 100, four end portions of four adjacent 
partitions 54 defining each exhaust gas passage 51 are 
gathered toward each other by corresponding four adjacent 

10 projections 102. Thus, four end portions of four 

adjacent partitions 54 defining each exhaust gas passage 

51 are connected to each other to completely close the 
end opening of each exhaust gas passage 51 by a , 
corresponding tapered wall portion. 

15 Next, as shown in Fig. 29B, the hole formation 

device 106 is pressed onto one end face of the substrate 
100 such that each pin 104 pierces the tip of the 
corresponding tapered wall portion which completely 
closes the end opening of the corresponding exhaust gas 
20 passage 51. As a result, a small holes 56 is formed xn 
the tip of each tapered wall portion. 

Regarding the other end face of the substrate 100, 
the similar processes are performed. That is, the 
opening closure device 105 is pressed onto the other end 
25 face of the substrate 100 such that each projection 102 
is inserted into the corresponding exhaust gas passage 
51 AS a result, the end opening- of each exhaust gas 
passage 50 is completely closed, by a corresponding 
tapered wall portion . Next , the hole formation device 
30 106 is pressed onto the other end face of the substrate 
100 such that each pin 104 pierces the tip of the , 
corresponding tapered wall portion which completely 
closes the end opening of the corresponding exhaust gas 
passage 50. As a result, a small hole 55 is formed xn 
35 the tip of each tapered wall portion. 

According to the third method, first, the closure ol 
the end openings of the exhaust gas passages, i.e., the 



• PCT/JP02/08142 

- 64 - 

formation of the t.perad wall portions for closing the 
formation o ^^^aust gas passages is performed, 

"1 ter t^e f ormation of the saall holes in the 

and ^3 performed, of course, in the 

..pered wall P°'-°-^^^^, ^ That is, 

= Trll the e;d o;enings of the exhaust gas passages SO 

tapered wall portions, and 
are completely closed y passages 51 are 

then the '^"-^^f. f,;,::^ wall portions, and then 
oompletexy^closed by the «P^ tapered wall portions . 

" f':^" "ethod for producing a filter will be 

ine loui^ the closure device 101 

AS Shown m Fig. jo, -cue ^.j-ws"* 
red"in the fourth method comprises an opening closure 
. . ^ ift7 and a hole formation device 108. 
^-"Tlart the opening closure -ice ICS a. shown 

in Fig. the opening ^^°':^^'JZ^ll,''\Z... to the 

rrrs"ia:rrr"e::irror:r:hrLi=e has 

rrntiallH regular quadrangular pyramid shape, and 
substantially a reg ^ ^ „ern that four 

a„ the projections 102 are ar g ^^^^^ p,,,,„io„3 102 
adlacent ,o5, the device 107 has 

"r"=rholes loL Bach hole 10, is positioned at each 
:::: fher: ILr adjacent ridges 103 of four adjacent 
" projections nole- formation 

,3.10 "! srrin%i;s. .a. ana .a., the 
! 108 has predetermined numbers of pins 104. The 

0. are"a.Lnged in a pattern that each pin 10. is 

30 Inserted into the — ^''f"^^"/"f^Ia: " ^he third 

*he fourth method, Simixar w 
According to the rourx. i07 is pressed 

"rLTndTarortrsutrate^lIo^L that 
onto one of the end fa corresponding 
each projection 102 .1S inse 
35 exhaust gas passage 50. « » ^ ^^^^^^ , 

each exhaust gas passage 51 is oompie 
corresponding tapered wall portion. 
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Next, in the state that the device 107 i» pressed 

1„H face of the substrate 100, the hole 
onto one end face o ^^^^ 

formation ^evxce 108 .s ^^^^ corresponding 

ho!e 1 ^ - "BUlt, each pin 104 pierces the 
' tTofthe CO spending tapered vail portion which 

trp of the . the corresponding 

completely closes- the en P ^^^^ 
exhaast gas passage 51. As a res 

J <„ *ho tip ot each tapered wall portion, 
formed in the tip ^^^^ substrate 100, 

» Regarding performed. That is, similar to 

the similar processes are pei 

^ . .u-«„ in? is inserted into the 

that each projection 102 is inse result, the 

- corresponding ex^auBt^a-^^^^^^^^^^^^ 

T ZTl forrs^^ing tarred vail portion. »e.t in 
closed by » / 3 is pressed onto the other 

the-.stat. that devi formation device 

end face of ; I, ^uch that each pin 104 

" rs^lIererfntrtLTorresponding through hole 10,. .s 

corresponding "P^"^^^ ^ oorresponding exhaust gas 

=^°=^%To ^"Lr a -XX - - - 

25 passage 50. ±nus>r 

of each tapered wall portion, _ .^^^^^ to the third 

According to the fourth method, Bxmilar 
' r first the closure of the end openings of the 
method, first, the formation of the tapered 

exhaust gas passages, i.e., ^ exhaust 
30 Tall portions for closing ^-^X::X::Zrl.Z o^ the 
,as P-sages is per ormed -^^-^^^^^ 

^""\rr:i: rtr/ourth method, in state t.at 

..e tfpLed vail portions o.J;e subst^.e lOO^are^^ 
35 pressed by the device "J^^^^,^^ device 108. 

■ .he corresponding "^jf^^f ^.^.^de^/oe 108 is pressed 
Therefore, vhen each pin 104 ot tn 
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onto the corr.spondin, tapered wall portion, the tapered 
wall portions are hardly subject to damage. 

Further, in the above explained third method, after 
the tapered wall portions are formed, the small holes are 
; formed by pressing the hole formation device 106 onto the 
end face of the substrate 100. Therefore, before the 
aetice 106 is pressed onto the end face of the substrate, 

tt is n.ce"«V " ^""^^ Z 
that each pin 104 of the device 106 corresponds to the 

0 firof t^e corresponding tapered wall portion. This . a 

° burdensome, opposed to this, according to 

method, each small hole is formed in the corresponding 
Cere; wall portion simply by inserting each P-JO^ °^ 
the device 108 into the corresponding through hole 109 of 

5 the device 107. Therefore, it is not necessary to 

perform a process to position the device 108 such that 
each pin 104 of the device 108 corresponds to the tip of 
the corresponding tapered wall portion to form small 
holes therein by the device 108. 

,0 The fifth method for producing a filter will be 

explained. The closure device lOl used in the fifth 
method comprises the opening closure device 105 shown in 
"Igf 27A and 27B and a hole formation device 110 shown 
in the plan view of Fig. 31. Figs. 32A and 32B show the 

ot; device 110 in detail. ; 

Fig. 32A shows a plan view of the hole formation 
device 110 in which an end wall 113 is omitted. As can 
be understood from Fig. 32A, the device 110 has 
oredetermined numbers of drill members 112. As can be 
predetermine .lowing one of the drill members 

30 understood from Fig_ 32B showing ^ ^^^^^ 

112r each member 112 has a gear xx 

ext;nds from the central portion of the gear 113 in a 
direction perpendicular to the end wall surface of the 

35 AS Shown in Fig. 32A. each drill member 112 engages 

with corresponding intermediate gears 115. Two adjacent 
Itill members 112 are connected via one intermediate gear 
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-ev- 
ils A certain drill member 112 engages with a drive 
gear 116. The gear 116 is rotated by a suitable drive 
n.eans such as an electric motor. When the drive gear 116 
is rotated, the drill member 112 engaging with the drive 

5 gear 116 is rotated, and then the rotation of the member 
112 is transmitted to ^11 remaining drill members 112 vxa 
the intermediate gears 116. As a result, each drxll 
member 112 is rotated about its longitudinal axis. 

Note that the drills 114 of the drill members 112 

10 are- projected from the end wall 113 of the hole forming 
device 110. The drills 114 are arranged in the same 
pattern as that regarding the pins 104 of the device 106 

shown in Figs. 28A and 28B. ' v ^h,-,.h 

According to the fifth method, similar to the third 
15 method, the opening closure device 105 shown in Fig. 27A^ 
Is pressed onto one of the end faces of the substrate 100 
to completely close the end opening of each exhaust gas 
passages 50 by a tapered wall portion. Next, the drive 
gear 116 of the hole formation device 110 is rotated, and 
20 the device 110 is pressed onto one end face of the 
substrate 100 such that the drill 114 of each ^-^^ 
.ember 112 pierces the tip of the corresponding tapered 
wall portion which completely closes the end opening of 
the corresponding exhaust gas passage 51. As a result a 
25 small hole 56 is formed in the tip of each tapered wall 
portion by the corresponding rotating drill 114. 

Regarding the other end face of the substrate 100, 
the similar processes are performed. That is similar to 
the third method, the opening closure device 105 is 
pressed onto the other end face of the substrate 100 to 
completely close the end opening of each exhaust gas 
passage 51 by the corresponding tapered wall portion 
Lxt, the drive gear 116 of the hole formation device 110 
is rotated, and the device 110 is °f 
end face of the substrate 100 such that the drill 114 of 
each drill member 112 pierces the tip of Tzhe 
corresponding tapered wall portion which completely 
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C10B.B the .„d opening of the corresponding exhaust gas 
!assa«e 50. « a result, a small hole 55 Is formed in 
Z Z each tapered wall portion by the corresponding 

""tL'ini to';.e fifth method, the small hole, are 
formed in the tips of the tapered wall portions by the 
rotating drills 114. Therefore, the "^^"^ 
portions are. hardly subject to damage when the 
holes are formed, comparing with the case that the holes 
are formed in the tips of the tapered wall portions 

^^'"'Lf sirth-method for producing a filter will be 
explained. The closure device lOl used in the sixth 
TtLd comprises the opening closure device 105 shown in 
Tig. and a hole formation device ^hown in Fig. 

LI. in Fig. th. end wall 118 of the device 117 

shown in Pig. 33B is omitted. 

M shown in Fig. 33A, the device 117 has ^ 
predetermined numbers of drill members 119. As shown in 
,0 fig 33., each drill -ember 11, has a ball 130 and a 
^iXl lai which extends from ^^^^^J /"'^^^.^ 

AS Shown m Fig. 33B, a pj-urax y 
123 are forced in a disc body 122 of the device 
center of each groove 123 corresponds to the center of 
thf^dy 122. The body 122 is rotated by a suitable 
meanf sLh as an electric motor about an axis . shown in 

The' ball 120 Of each drill member ll9 is housed in 
«.e o!rrespondlng groove 123 such that the ball 120 is in 
contact with the side wall surface defining the groove 

- r ^L^:isifira::io:i:r z ^rr.i 

r aran::: r th^:.: Um as that of the pins 10. 

r,-F -ehe device 106 shown in Fxg. 28A. 
3S ^fn the body 122 is rotated, the ball 120 of each 

" arm member 119 Is rotated by the side wa sur ace of 

the corresponding groove 123 of the body 122. As a 
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. arill c* each driU n».*er «9 " ro««d 
rasalt, the drill i 

about its l°''5^'^"^;;"'tin »e»ber U9 ^ "^'^^ 

«ote that each drxll »e»b ^^^^ ^^^^^ ^ ^^^^^ 

,ear in place of ^^^^f ^ide wall surface ot each ,roove 
5 gear is provided on the s^^^ ^^^^^ ^„,age8 
123. The l*'*^ side wall surface of the 

«ith the bevel gear of the s ^^^^^ 

-"'^^ftrarTrech drill »e^er ie rotated by the 
the bevel gear or 
10 body 122- ^thod, similar to the third 

According to the sixth ^.g. ^IK 

^thod, the opehin, =^-j;^;^t/fac.. of the substrate 100 
is pressed onto on. of the^ ^ ^,j>,„st gas 

to completely ^^11 portions. »ext. the body 

1, pessages^ SI by ^^^^^^S.^J. end the device 117 is 
122 of the device 111 « substrate 100 such that 

pressed onto one '^In ^e^- ^"^ 

the drill 121 °* f^f ^,11 p„«ion which con^letely 

the corresponding tapered J^^^^^^^^^ ..baust gas 
20 close, the end opening of th^ ^^^^^^ 

TTp - ea:: :a:rrr;ati%ortion .y the corresponding 

-—gating o.er -^^^^^^^^^^ ^ rrilil^'to 
the sindlar processes are p 105 is 

" the third method, -^/f;;-;/:: the substrate 100 to 
pressed onto the other ^^e exhaust gas 

completely ciose the end opehin,s «„t, the bod, 

passages 50 by the "^^^^ ^^^t,^ the device 117 is 
30 122 of the device 117 is rotate ^^^trate 100 sue, 

pressed onto the other end face ^^^^^^^ 
that the drill 121 ."/^^^^^.t, portion which 

tip of the '"responding t p ^^^^esponding 
colpletely Closes the end opening^^^^ ^ 

" exhaust .;;"j;:trof eLch tapered wall portion by the 
for. p d^Tg rotating drill 121. 
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The seventh method for producing a filter will be 
explained. The closure device 101 used in the seventh 
method comprises the opening closure device 105 shown in 
Fig. 27A and a hole formation device 124 shown in Pig. 
5 34B. 

The device 124 is a disc shape having generally the 
same diameter as that of the device 105. Further, the 
device 12 4 has a body 125 and a shaving layer 126 
attached to the body 125. The layer 126 is formed of 
10 abrasive for shaving the tips of the tapered wall 

portions of the substrate 100. Furthermore, the device 
■ 124 is rotated about an axis B by a suitable means such 
as an electric motor. 

According to the seventh method, similar to the 
15 third method, as shown in Fig. 34A, the device 105 shown 
in Fig. 27A is pressed onto one of the end faces of the 
substrate 100 to completely close the end openings of the 
exhaust gas passages 51 by the tapered wall portions. 
Next, the device 124 is rotated about the axis B, and is 
20 pressed onto one end face of the substrate 100. As a 
result, the shaving layer 126 of the device 124 is 
pressed onto the tips of the tapered wall portions of the 
substrate 100. The tips of the tapered wall portions are 
shaved by the shaving layer 126. As a result, a small 
25 hole 56 is formed in the tip of each tapered wall 
portion. 

Regarding the other end face of the substrate 100, 
the similar processes are performed. That is, similar to 
the third method, the device 105 is pressed onto the 

30 other end face of the substrate 100 to completely close 
the end openings of the exhaust gas passages 50 by the 
tapered wall portions. Next, the device 124 is rotated 
about the axis B, and pressed onto the other end face of 
the substrate 100. As a result, a small hole 55 is 

35 formed in the tip of each tapered wall portion. 

The above explained methods have an advantage that 
small holes 55,56 each having a desired opening area. 
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i e the generally same opening area can be obtained. 
The'opening area of each small hole 55,56 influences the 
pressure loss and the particulate collection ratio of the 
filter 22. That is, the pressure loss and the 
particulate collection ratio of the filter 22 are changed 
by changing the opening area of the holes 55,56. 
According to the above explained methods, holes 55,56 
each having a desired opening area can be obtained, and 
thus the filter 22 having the desired pressure loss and 
the desired particulate collection ratio is obtained. 

While the invention has been described by reference 
to specific embodiments chosen for purposes of 
illustration, it should be apparent that numerous 
modifications could be made thereto by those skilled ^n 
the art without departing from the basic concept and 
scope of the invention. 
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PTAIMS 
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1 An exhaust gas purification device comprising, a 
substrate used for purifying components contained xn an 
exhaust gas discharged from an engine, ^^^/^^^^"^ 
having partitions which define passages and are formed of 
porous material having fine pores each having a 
predetermined average size, the end portions of the 
adjacent partitions defining each of part of the passages 
of the substrate being partially connected to each other 
:'ch that the end portions are tapered toward the outside 
of the substrata, the tapered end portions partxally 
Closing the end opening of the corresponding 
forming a small hole defined by the tips thereof, and 1:he 
Size of each small hole being smaller than -^^^ 
sectional area of the corresponding passage and larger 
than the sizes of the fine pores of the partitions 

2 An exhaust gas purification device as set forth 
in claim 1, wherein the end portions of the ^<^^^°^f 
partit^ns defining each of part of the passages of the 
::^::rate are partially connected to each other at thexr 
upstream ends such that the. end portions are ^^l^^f 
toward the outside of the substrate, and the end portxons 
of the adjacent partitions defining each of — ^^^^ 
passages of the substrate are partially connected to each 
Ther at their- downstream • ends such that the end portxons 
are tapered toward the outside of the substrate. 

3 An exhaust gas purification device as set forth 
in claim 2, wherein the tapered end portions and the 
remaining partitions carry oxidation materxal for 
oxidizing the particulates, and the amount o. the 
"idation material carried by each upstream tapered end 
portion per unit volume is larger than ^^^^ — 
each downstream tapered end portion per unxt 

4 An exhaust gas purification devxce as set forth 
in claim I, wherein the end portions of the a^^--^ 
partitions defining each of part of the passages of the 
substrate are partially connected to each other at thexr 
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upstream ends such that the end portions are tapered 
towarHhe outside o. the substrate. <md the end portions 
Of the adjacent partitions defining each of re.a.n.n9 
passages of the substrate are connected to each other at 
5 their downstream ends such that the end P°"-- 

tapered toward the outside ol^ the substrate and the 
do«nstre«. end opening of the passage xs completely 

'""I: « exhaust gas purification device as set forth 
,0 in claim 1, wherein the end portions of the 

Tartiticns defining each of part of the P""'" f 

Lbstrate ^-"----e":: ^ttrr t^rd" 

ra:r::: rsidrof'he substrate, and tne end portions 
„ Of the adjacent partitions defining each of ---""-^ 

Usages of the substrate are connected to each other at 
their upstream ends such that the end 
tapered toward the outside of the substrate and the 
:;rr:«, end opening of the passage ^-^^'-^l^^;;^ 
6. An exhaust gas purification device as set forth 
in claim 1, wherein the substrate is used as a _ 
Tarticulat; filter arranged in an exhaust gas passage of 
Tengine for collecting particulates contained .n an 
exhaust gas discharged from an engine. 

exhaust g ^ ^^^^^^^ purification device as set forth 

in claim 6, wherein the tapered end portions carry 
oxidation material for oxidizing the particulates. ^ 

8. ^ exhaust gas purification device as set forth 
i„ Claim 7. Wherein the amount of the oxidation material 
30 arried by each tapered end portion at 

«-ni^ are is larger than that at its 
surface per unit are is xaiy" 

downstream surface per unit area. ^ ^ 

9 An exhaust gas purification device as set forth 
in claim 7, wherein a process for increasing the 

" --rrL::sfra:%t:ira:r device as set forth 
in claim 7, Wherein the filter carries a «0x carrying 



• — PCT/JP02/08142 

- 74 - 

agent to take in and carry the NOx therein when excessive 
oxygen exists therearound, and to discharge the carried 
NOX therefrom when the concentration of the oxygen 
decreases . 

5 11. An exhaust gas purification device as set forth 

in claim 7, wherein the filter carries a precious metal 

catalyst. ^ ^ 

12. An exhaust gas purification device as set forth . 
in claim 11, wherein the oxidation material is an active 

10 oxygen production agent to take in and carry the oxygen 
when excessive oxygen exists therearound, and to 
discharge the carried oxygen therefrom in the form of 
active oxygen when the concentration of the oxygen 
decreases, and the active oxygen production agent 

15 discharges the active oxygen therefrom when the 
particulates adhere to the filter to oxidize the 
particulate adhering to the filter by the active oxygen. 

13. An exhaust gas purification device as set forth 
in claim 12, wherein the active oxygen production agent 

20 comprises one of an alkali metal, an alkali earth metal, 
a rare earth and a transition metal. 

14. An exhaust gas purification device as set forth 
in claim 12, wherein the active oxygen production agent 
comprises one of an alkali metal and an alkali earth 

25 metal having an ionization tendency higher than that of 
calcium. 

15. An exhaust gas purification device as set forth 
. in claim 12, wherein the air fuel ratio of at least part 

of the exhaust gas flowing into the filter is temporarily 
30 made rich to oxidize the particulates adhering to the 

16. An exhaust gas purification device as set forth 
in claim 6, wherein an oxidation means for oxidizing 
components contained in the exhaust gas is arranged xn 

35 the exhaust gas passage of the engine upstreaiu of the 

filter. ^ £ 

17. An exhaust gas purification device as set forth 
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in claim 16, wherein the oxidation means is an oxidation 
catalyst. 

18. An exhaust gas purification device as set forth 
in claim 16, wherein the oxidation means is a NOx 

5 catalyst to carry the NOx when the lean exhaust gas flows 
thereinto and to reduce the carried NOx when the rich 
exhaust gas flows thereinto. 

19. An exhaust gas purification device as set forth 
in claim 6., wherein the size of each small hole of the 

10 filter at the low temperature region of the filter is 
larger than that at the high temperature region of the 
filter. 

20. An exhaust gas purification device as set forth 
in claim 19, wherein the low temperature region is the 

15 peripheral region of the filter, and the high temperature 
region is the central region of the filter. 

21. An exhaust gas purification device as set forth 
in claim 19, wherein the cross, sectional area of each 
passage of the filter at the low temperature region of 

20 the filter is larger than that at the high temperature 
region of the filter. 

22. An exhaust gas purification device as set forth 
in claim 6, wherein the cross sectional area of each 
passage of the filter at the low temperature region of 

25 the filter is larger than that at the high temperature 
region of the filter. 

23. An exhaust gas purification device as set forth 
in claim 22, wherein the low temperature region is the 
peripheral region of the filter, and the high temperature 

30 region is the central region of the filter. 

24. An exhaust gas purification device as set forth 
in claim 22, wherein the size of each small hole of the 
filter at the low temperature region of the filter is 
larger than that at the high temperature region of the 

35 filter. 

25. An exhaust gas purification device as set forth 
in claim 6, wherein an exnaust gas purification means for 
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purifying components contained in the exhaust gas is 
arranged in the exhaust gas passage of the engine 
downstream of the filter. 

26. An exhaust gas purification device as set forth 
5 in claim 25, wherein the exhaust gas purification means 
is a NOx catalyst to carry the NOx when the lean exhaust 
gas flows thereinto, and to reduce the carried NOx when 
at least the generally stoichiometric exhaust gas flows 
thereinto. 

IQ 27. An exhaust gas purification device as set forth 

in claim 25, wherein the exhaust gas purification means 
is an additional particulate filter which can oxidize the 
particulates contained in the exhaust gas. 

28. An exhaust gas purification device as set forth 
15 in claim 25, wherein the filter is arranged at least near 

the exhaust manifold. 

29. An exhaust gas purification device as set forth 
in claim 25, wherein the device further comprises a 
bypass passage which extends from the engine exhaust gas 

20 passage between the filter and the exhaust gas 

purification means to the exhaust gas passage of the 
engine downstream of the exhaust gas purification means 
to bypass the exhaust gas purification means,, and a 
switch valve for switching the flow of the exhaust gas 

25 into the exhaust- gas purification means and into the 

bypass passage, the filter carries a SOx carrying agent 
to carry the SOx V7hen the lean exhaust gas flows 
thereinto, and to release the carried SOx when at least 
the generally stoichiometric exhaust gas flows thereinto 

30 and the temperature of the SOx carrying agent has a 

temperature higher than a SOx release temperature, the 
switch valve is positioned such that the exhaust gas 
flows into the exhaust gas purification means when the 
SOx is not released from the SOx carrying agent, and is 

35 positioned such that the exhaust gas flows into the 
bypass passage when the SOx is released from the SOx 
carrying agent. 
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«„^-i€ication device as set forth 
30 . « exhaust P-^*^; 

coroponentB contained in the exnausx 

tne -VP-=^-»^-^ purification device as set .ort. 
' in cai. »-ein the a..Bt»te ^^Jl^^^^^j; ^^^^^ 

. ,,droc.r.on collection .^J^J-J^tt disc'haxsed .ro. 

'>--^-"'-\::Tn;:tocaron P^^i^i/ation catalyst fox 
10 an engine, and a nyaro hydrocarbon 

collection , hydrocarbon release 

^.s a --P-f ,„ii««o unburned 

"r'^^'bll^retetrc: v::n\he a,ent has a temperature 
'''' tlrhyLooarbon release temperature, the 

higher than the nyaio ^^^-ifies unburned 

unburned ^^^'^f^^^:// -"/rt^rbon purification 
::ryrhar:re"arr. Ur than the hydrocarbon 

^"^"tr^Tm^t^rdirpioducin, a substrate used for 
.urifyi;, Unent. contained -^J-—/, 
discharged from an engine, the su petitions 
plurality of exhaust P-s-« 
formed of porous """"l, the end P ^^^^ 

petitions ::re ted to each other at one 

passages being partially c portions 
end of the exhaust gas passage -^''J^ „^ 
are tapered toward the portions 
define a small hole by the tips ^^^^^f ; 

the i«:triircon^-^^^^ - 

Z ^^:::ZrrJ:T^^^^ gas passage such that the 
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. . • nn. are tapered toward the outside of the 
end ^--^^-^l^ll^'-Z a small hole by the tips thereof, 
substrate and define . gathering and 

T .rr« ana op^inl e.ch s»all hole .avin, a sl« 
closed end opening of the 

S..11.X *^an p,,ea9e «>d larger than the 

10 corresponding «f ^"^'^ ' „f the partitions. 

average sizes ^^^^^ 32, -herein the 

33. A """"teotinrstep and the s»all hole forming 
gathering and connecting step an 

are ^^-^l^'TsXTT.^ clai. 33 . wherein the 
15 34. A method ,„^11 hole forming 

gathering ^^^J;^ ^ZZ. hy pressing a device 

"t :^:faritrc: projections and pins arranged 
having a plurality y ^^^^ 
between the projections onto the end 

20 substrate. ^ ^^^^ 32, wherein 

" Therin9 anrconnecting step is performed, 

Lrs^all hote forming step is performed, 
and then the small h _^ ^^^^ 

36. A method as set portions 

25 the small hole 'l^^J^^^\Ze. to form the small 
connected to each other are shav 
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